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Rationale.—The United States is confronted with a shortage of 
competent scientific and technical manpower at a time when the nation 
is in dire need of them. Our nation increasingly is dependent on 
science, its inventions and discoveries, and their applications to 
society. An area of grave concern has been the training programs for 
science teachers, since it is believed that one part of the solution 
of the problem lies in resolving factors at the elementary, secondary, 
and higher education levels which have tended to drive competent 
students away from accepting careers in science or science-related 
operations. Heavy demands have resulted and have been made upon the 
institutions training scientists and teaching scientists.1 
As the complexity of our living becomes more pronounced, a 
knowledge of science becomes more imperative. Scientific knowledge 
is needed by all, not only by those who will become scientists, but 
by those who will pursue other fields of endeavor. Science is an in¬ 
tegral part of the school's curriculum, the student's life, his work 
and his recreation. It is our responsibility to discover, motivate and 
stimulate interests early in the educational life of the student. To 
I 
Edward K. Weaver, "Reactions of Science Educators to Certain 
Published Science Education Findings," Journal of Science Education, 
XLVII, No. 1 (February, 19%), 44. 
1 
2 
be effective, the teaching should be related to life activities, interests, 
and experiences which are supplemented by current information and re¬ 
sources . 
Very practical considerations compel certain science educators 
to give attention to the strengthening of science education. But there 
is another aspect of the matter, namely, the principle, held by those 
taking part in the reform of science education, that more emphasis 
should be given to disciplined, creative, intellectual activity as a 
noble enterprise and to the intellectual achievement as a worthy end in 
itself. There is a desire to allow each student to experience some of 
the excitement, beauty, and intellectual satisfaction that scientific 
pursuits afford. Similar movements also aimed at giving the student 
experiences and points of view, heretofore, were largely limited to 
professionals. These experiences, it is hoped, will lead many to enter 
scholarly professions themselves and others to adopt some of the 
scholarly and artistic modes of thought in their work and their avo¬ 
cations . 
Something radical must be done to cope with the ever-widening 
disparity between what is known and what is taught in the sciences. Our 
science curricula must be reorganized in order to transmit to the next 
generation the core of a body of knowledge which is now increasing at 
an exponential rate. 
Among the most important of the objectives of science in the 
secondary school program is the development of desirable attitudes and 
better habits of thinking. Certain aspects of intelligent thinking 
have been so cloeely associated with the methods of science that they 
have gained such appelations as the scientific method of scientific 
3 
attitudes. This should not imply that only scientists utilize these 
ways of thinking—every sound thinking person employs them in all 
aspects of his life. From their work in science pupils should learn 
to look for cause and effect relationships. They should develop the 
habits of deferring judgment, of weighing evidence, and drawing 
tentative conclusions. They should become critical of unsupported 
statements but at the same time learn to respect the opinions of others. 
They should be willing to test all conclusions and they should be 
willing to change their opinions when new evidence is presented. These 
habits and attitudes, so closely allied to science, have equal sig¬ 
nificance in all other aspects of life. If pupils will apply them to 
the decisions that inevitably face them in their later lives, society 
will be greatly benefited.'*' 
Curriculum studies are now progressing in the United States in 
physics, mathematics,^ biology, and chemistry-5 with support from 
the Federal Government through the National Science Foundation and 
"Valter A. Thurber and Alfred T. Collette, Teaching Science in 
Today's Secondary School (Boston: Allyn and Bacon, Inc., i960), pp. 
15-16. 
2 
William H. Lucow, "A Research Study in the Learning of PSSC 
Physics," The Science Teacher, XXIII, No. 7 (May, i960), 59* 
3 
Elwood Heiss, Modern Mathematics Teaching (New York: Macmillan 
1962), p. 4. 
4 
Wimburn Wallace, "The BSCS 1961-62 Evaluation Program - A 
Statistical Report," BSCS Newsletter, IV, No. 19 (September, 1963)* 
16. 
^Kenneth V. Fast, "The Role of Laboratory Experiences in the 
CHEM_Study Program," School Science and Mathematics, IX, No. 20 
(March, 1963), 26. 
k 
business-industry sponsored projects. Large and expert groups of 
scientists and teachers have been enlisted to prepare textbooks, 
develop laboratory programs, and work out innovations in teaching 
methods; for the first time in American history, curriculum studies are 
producing something more tangible than recommendation and outlines. 
The teachers who will use modern programs, however, are not 
presently adequately trained in the basic modern science they need to 
handle well. Many of those trained to teach biology, for example, do 
not know enough chemistry, particularly not enough bio-chemistry, to 
deal with modern biology. They need re-education, on a systematic and 
continuous basis. Fortunately, there is a general awakening to the 
science teacher's need for this kind of education. Thanks should be 
given largely to the summer science institutes begun by the National 
Science Foundation in the 1950's. Already these institutes have done 
much to improve the level of science teaching in hundreds of our 
secondary schools; and now using the new materials from the curriculum 
studies, they will have an even greater effect on a broader scale, and 
a new kind of science teaching can be expected to evolve rapidly.^" 
In order for science teaching to be complete, it is evident that 
if it is to be taught well in the secondary schools, it must be taught 
well on the lower levels. A thorough revision of the science curricu¬ 
lum is, therefore, in order for the elementary schools as well as the 
high schools. Can we expect less of the universities? There is a lag 
that exists between the high school classroom and the university 
_ 
John Richardson, "Methods and Materials for Teaching Modern 
Science," Science Education, V, No. 20 (June, 1958), 20-22. 
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laboratory. This lag had reached such serious proportions by the late 
1950's that it is clear some unprecedented effort would have to be made 
to rectify the situation. In I957, a group of high school and college 
teachers met to discuss the problem. A survey of existing high school 
textbooks revealed that chemistry was being presented as a miscellaneous 
collection of topics to be studied in any order. Moreover, it showed 
that the general facts of chemistry were being presented in an authori¬ 
tative, directed and didactic manner, with a notable lack of unity and 
sequence. What was needed to do justice to chemistry as a science, this 
group concluded, was to give high school chemistry courses a central 
theme. This was later called the Chemical Bond Approach.^ 
An outstanding feature of the new course is its emphasis on 
observation and experimentation, on having the student see and do 
things for himself. Indeed, the student is aware of this emphasis in 
2 
the first project he encounters in the laboratory. 
Education in chemistry in secondary schools of the United States 
has fallen progressively behind the accelerating pace of development 
in the science of ehcmistry itself. While our knowledge of chemistry 
has been doubling every decade since the 1920’s many of our high school 
textbooks on chemistry have barely emerged from the 19th century. The 
textbooks must be revised in order to meet the challenge of the modern 
curriculum movement.3 
-^Arnold Arons, "The New High School Chemistry Courses," Journal 
of Chemical Education, IX (April, 1962), 30-35* 
2 
Arthur H. Livermore, "The New Approach in Chemistry Teaching," 
The Physics and Chemistry Digest, XIV, No. 1 (July, 1962). 
3 
George C. Prinentel, Chemistry: An Exp 
Francisco: Freeman and Company, 1963), p. 18 
lerimental Science (San 
6 
Until as recently as 1959? most high school chemistry teachers 
were virtually isolated from professional chemists in the nation's 
colleges and universities. Sizable numbers of high school chemistry 
students were going to college or terminating their formal education 
with little appreciation of the science of chemistry as an experimental 
or investigative method of inquiry. More often than not, work in the 
high school laboratory had little relevance to the rest of the course 
and was conducted in cookbook fashion. All too frequently, the students 
thought of chemistry as little more than abstract manipulation of 
mysterious symbols and formulas. At the same time, the climate of 
opinion in many universities was cool toward the inclusion of any form 
of chemistry instruction in the curricula of the secondary schools. 
Professional chemists in the colleges felt obligated to unteach the 
evils perpetrated in the secondary schools.^ 
The curriculum revision movement has installed many new courses 
of study in high schools and colleges throughout the nation. These 
modern courses are designed for free experimentation in order to help 
the student make his own discoveries and generalizations and draw 
conclusions from them. The student may then be better prepared to make 
p 
wide applications of the material learned. 
Part of the strength of chemistry is that it has tended to 
attract individuals who love knowledge and the creation of it. Just as 
important to the integrity of chemistry has been the unwritten rules of 
the game. These provide recognition and approbation for work which is 
^Tbid., II, p. 40. 
2 
Harold H. Punke, "Evolution of the Science Curriculum," Science 
Education, VII, No. 3 (April, 1962), 20. 
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imaginative and accurate, and apathy or criticism for the trivial and 
inaccurate. However, high school students of chemistry can find many 
satisfactions from making a new discovery that is unguided. First there 
is a growing recognition of a new truth. This is the most exciting and 
personally rewarding period. The quite personal satisfaction of work 
in the laboratory are very important to the individual. In the labora¬ 
tory program, the student not only collects various data but also 
applies ideas to these data. The laboratory experiments are presented 
as problems and, insofar as possible, the student is encouraged to decide 
what information is necessary to solve the problem. Ideally, informa¬ 
tion from both the laboratory and the literature is fitted into a 
logical scheme based on a set of assumptions and often a mental model. 
In most cases, the solution to the problem suggests other paths to 
follow, and the student is encouraged to follow up such extensions. In 
the laboratory, there is reduced emphasis on the determination of a 
numerical result alone, and increased emphasis on the development of a 
reasoned conclusion. The importance of quantitative and reproductible 
work, or the learning of manipulations, is not minimized but it is not 
made a goal in itself.''" 
Evolution of the problem.—This problem evolved out of concern 
for the fact that secondary science courses are the preliminary bases 
for initiating future scientists, engineers, and technicians into 
science or science-related careers. Recent evidence indicates that too 
few of the able students choose science or science-related careers. 
^Walter B. Waetjan, "Learning and Motivations: Implications for 
the Teaching of Chemistry," The Science Teacher, XI, No. 3 (September, 
i960), 30-3^. 
8 
An interest in the study vas inspired when the writer was en¬ 
rolled in the CHEM-Study course at Atlanta University. The observation 
of the many laboratory methods after he began to teach, some effective 
others ineffective, interested the writer to the extent of reviewing 
reports, attending conferences and holding group discussions concerning 
effective laboratory techniques. This prompted the writer to do the 
study, with the belief that an increased knowledge of the factors pro¬ 
hibiting effective laboratory procedures would enable him and his 
fellow science teachers to do a worthwhile job of teaching chemistry. 
Statement of the problem.—The problem of this study was to 
test the hypothesis that there is no statistically significant dif¬ 
ferences in achievement of two selected groups of eleventh grade 
students when they are taught chemistry by use of conventional labora¬ 
tory exercises as opposed to those being taught chemistry by the "Open- 
ended laboratory approach. 
Purpose of the study.—The major purpose of this study was to 
conduct an experiment designed to determine whether science achievement 
is enhanced when two groups of eleventh grade students are taught 
chemistry by conventional laboratory methods as opposed to "open-ended" 
experiments. More specifically the purposes of this study were as 
follows : 
1. To teach chemistry to two classes in such way that the 
major variable was the laboratory work. 
2. To conduct chemistry laboratories by the "open-ended" 
and conventional approach. 
3. To determine the measures of central tendency and 
variability on the Cooperative School and College 
Ability Test Level 1 Form 2A, and the A.C.S.-N.S.T.A. 
Cooperative Examinations in High School Chemistry 
9 
Form 1963, and N advanced for the eleventh grade ex¬ 
perimental and controlled groups at the David T. Howard 
High School. 
To determine significant differences in achievement in 
chemistry arithmetic and application of principles. 
5. To determine significant differences, if any, in achieve¬ 
ment in chemistry arithmetic and application of principles 
of the experimental and controlled groups which may have 
emerged at the end of the experimental period. 
6. To determine the implications, if any, for educational 
theory and practice as may he derived from the analysis 
and interpretation of the data. 
Limitation of the study.—This study was limited to forty 
eleventh grade subjects enrolled in chemistry at the David T. Howard 
High School, Atlanta, Georgia. The experiment was limited to the two 
methods of laboratory procedures: "Open-Ended" and conventional. The 
experiment was conducted for twelve weeks. 
Definition of terms.—For the purpose of this study, the fol¬ 
lowing terms are defined: 
1. "Open-Ended experiments" are experiments which require 
students to seek solutions to problems using scientific 
inquiry. On the basis of their laboratory experiences 
the students are asked to make predictions and design ^ 
experiments to test the validity of their predictions. 
2. "Conventional laboratory experiments" are experiments 
designed to illustrate and verify facts and principles 
already taught to the student in the classroom and 
readily available in the textbook. Specific and de¬ 
tailed directions are provided by the instructor which 
the pupils are expected to follow. The conclusions 
presented by the pupils are the results of preconceived 
deductions rather than individual findings. 
3. "CHEM-Study" - The Chemical Educational Materials Study 
experiments are open-ended as to expected results. Many 
Richard J. Merrill, "Chemistry: An Experimental Science," 
The Science Teacher, IV, No. 6 (May, 1963), 31. 
2Ibid. 
10 
of them are quantitative experiments in which results 
with errors of less than five per cent are readily 
attainable by most students. The experiments are closely 
correlated with the textbook and class discussion, but 
normally preceded other avenues of learning, so that the 
students truly have an opportunity to discover phenomena 
and, at least, attempt generalization before they find 
out what the results should be.^- 
4. Selected high school classes refers to students taken 
from a large sample who possessed similar academic 
backgrounds. 
5. A principle, as herein used, refers to a general state¬ 
ment describing a fundamental process or relationship 
involved in a natural phenomena which is true within 
specified limitations and which can be demonstrated or 
verified. 
Contribution to educational research.—The writer hopes that 
this study will enable him as well as administrators, principals, 
teachers, counselors and students of science education to become more 
aware of modern trends taking place in high school laboratory ac¬ 
tivities which might possibly indicate strength and weaknesses of 
these activities as currently practiced in secondary schools, and to 
perhaps indicate along what lines should teachers of science devote 
their energies. 
Information in this study may also be of value to persons who 
are initiating chemistry laboratory programs. Too, it may serve to 
stimulate interest in evaluation of present programs in terms of the 
needs of the students. 
1 
Elwood D. Heiss, Revision of Methods and Materials for Teaching 
Science (New York: Macmillan Co., i960), p. 20. 
2 
Harold E. Wise, "A Determination of the Relative Importance of 
Principles of Physical Science for General Education," Science Education, 
XXV (December, 1956), 480. 
11 
Methods of teaching laboratory work were of great interest to 
investigators in the early 1920’s and 1950's because of actual con¬ 
ditions facing the schools. The population was slowing increasing as w 
was the number of students going to high school. Consequently, there 
were larger classes without the parallel growth of financial backing. 
Out of this real problem came the need for research which sought an 
exemplary method of teaching laboratory work. 
Science, an area of broad knowledge most important to advance¬ 
ment in peace and survival in war, dominates twentieth century civili¬ 
zation. Science has contributed much to the material enhancement of 
living and society is dependent on science as never before. 
Method of research.—The experimental method of research utili- 
ing the parallel group design and statistical analysis was employed 
to gather the data requisite for this research. 
Locale of the study.—This study was conducted during the academic 
year 1965-66 at the David T. Howard High School, Atlanta, Georgia. 
The school is located in the northeastern section of the city, and has 
a staff of 126 teachers, with an enrollment of 2,565, and a grade range 
of eight through twelfth grades. 
Description of the subjects and instruments.—The subjects and 
materials involved in this study were as follows: 
1. Subjects - The subjects involved in this study were forty 
students enrolled in the David T. Howard High School, 
Atlanta, Georgia, who chose to elect chemistry in the 
eleventh grade. 
2. Materials - The Cooperative School and College Ability 
12 
Test, Form 2A covers grades ten through twelve. The test 
can best, and most directly, be described as an academic 
aptitude test. Four operational skills are measured. 
Part 1, getting the meaning of isolated sentences (15 
minutes); Part 2, performing numerical computation rapidly 
(20 minutes); Part 3, associating meaning of isolated 
words (10 minutes); Part 4, solving mathematical problems 
(25 minutes). Parts one and three are combined to obtain 
a verbal score, parts two and four are to obtain a 
quantitative score, and all four parts to obtain a total 
aptitude score. The reliability for the total score is 
•95 for all grades.^ 
The A.C.S.-N.S.T.A. Cooperative Examination in High School 
Chemistry Form 1963 - was prepared by large committees, 
most of the members of which were high school teachers. 
The instrument is used for objective evaluation of achieve¬ 
ment in high school chemistry. The items are very care¬ 
fully constructed and cover a wide range of subject matter. 
There are two parts to the examination, each part contain 
forty-five test items of the multiple choice type. Either 
part covers a course in high school chemistry and is equally 
valid. The entire test is of ninety minute duration. The 
objective exercises are of the following nature: application 
of principle and chemistry arithmetic. The reliability 
Hanford M. Fowler, "The Cooperative School and College Ability 
Test," Fifth Mental Measurement Yearbook, edited by Oscar Krisen 
Buros (Aryphon Press, Highland Park, New Jersey, 1959)> PP* ^35-56. 
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reliability coefficient is .91. 
The A.C.S.-N.S.T.A. Cooperative Examination in High School 
Chemistry Form 1963 Advanced - is an advanced revision of 
the Form 1963* This examination is the culmination of a 
rigorous selective process involving use of trial forms 
by various cooperating high schools. Essential concepts 
are stressed and sheer memorization of trivial detail is 
minimized. Among the essential concepts included are 
characteristics of metals and of the metalic state, the 
nature of chemical and physical changes, combustion, 
behaviors of gases, atomic structure,volume, atomic weight 
determination and redox reactions. Questions requiring 
numerical answers are considerately organized to permit 
calculations without laborious, time-consuming arithmetic. 
The test consists of two parts, each containing forty- 
five items of the five - response multiple choice type. 
The test is of ninety minute duration. The objective 
exercises are of the following nature: application of 
principle and chemistry arithmetic. The reliability co¬ 
efficient range from .86 to .96 with a mean of .91.^ 
Research procedures.—The procedures that will be used to do 
Frank J. Fornoff, "The Cooperative Examination High School 
Chemistry," Fifth Mental Measurement Yearbook, edited by Oscar Krisen 
Buros (Highland Park, New Jersey: Aryphon Press, 1959), pp. 907-12. 
2 
Edward D. Rietz, "The Cooperative Examination: High School 
Chemistry Advanced Form," Fifth Mental Measurement Yearbook, edited 
by Oscar Krisen Buros (Highland Park, New Jersey: Aryphon Press, 
1959), PP- 727-29. 
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this study are as follows: 
1. Permission to conduct this study was obtained from the 
proper school authorities. 
2. The related literature pertinent to this study was 
reviewed, summarized, and presented in the proper form. 
3. The subjects were orientated to the purposes and nature 
of the study. 
4. The formulation of teaching material from a selection of 
significant topics in chemistry at the high school level 
was developed as shown in Chapter II of this study. 
5. The Cooperative Examination in High School Chemistry, Form 
w was administered to the entire group as a pretest. 
6. The group was divided into two sub-groups. One group was 
called the control group and the other was called the 
experimental group. 
7. The writer taught both groups in the class work and the 
laboratory work. The class work was identical in ex¬ 
perimental and control sections; the laboratory work, 
however, was different. The experimental section used the 
open-ended experiments sponsored by the CHEM-Study Com¬ 
mittee under the auspicies of the National Science 
Foundation. The control group performed exercises found 
in the manual Laboratory Experiments in Chemistry,^* by 
Brownlee and Fuller. The students in the control group 
recorded their observations in the laboratory manuals and 
answered their questions asked in each exercise. In the 
experimental group the students turned in a written report 
in which was incorporated a statement of the problem under¬ 
taken, the observations made, and the conclusions drawn. 
8. At the end of the experimental period the Cooperative 
Examination Form N Advanced was administered to both groups 
as a final test. 
9. The data derived from the instruments was tabulated, 
assembled in appropriate tables, analyzed, and in¬ 
terpreted in keeping with the nature of the research. 
10. The data derived from the tests scores was treated 
statistically through the computation of such measures as: 
Raymond Brownlee and Robert Fuller, Laboratory Experiments in 
Chemistry (New York: Allyn and Bacon, I960TÜ 
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mean, median, standard deviation, standard error of the 
mean, standard error of the difference between two means 
and "t." 
11. The findings, conclusions, implications, and recommendations 
derived from the analysis and interpretation of the data 
were included in the final report. 
Survey of related literature.—The literature pertinent to this 
study was reviewed by the writer with special attention on objectives 
and procedures utilized in the teaching of modern chemistry. 
Chemistry in American high schools shows, like biology and 
physics, the strong impact of early collegiate domination. In the 
earliest American secondary school, the Latin grammar school, no 
science whatever was taught. This school was intended to prepare 
students to read Latin and preferably Greek also to prepare them for 
college. Colleges then were a far cry from those of the present; 
their major concern was the preparation of young men for the ministry. 
Later the academic, like that founded in 1750 by Benjamin Franklin, 
presented a more varied and practical course of study including some 
science. But there was still no chemistry until the beginning of 
the Nineteenth Century. Then, when the establishment of the public 
high school had begun, and after Lavoisier and Priestly had furnished 
chemistry with its first important concepts and procedures, chemistry 
gradually appeared in the American high School. For the most part 
this earliest chemistry, like botany and zoology was taught catechis- 
tically as a series of teacher-questions and student-answers enlivened 
with dramatic demonstrations.'*’ 
George D. Malinson and Jacqueline V. Buck, "Survey of Research 
in Secondary School Science Education," School Science and Mathematics, 
LV, No. 25 (June, 1955), 49-53- 
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During and after the Civil War chemistry "became more popular, 
and laboratory work was stressed. In part, this stemmed from the wide 
acceptance of Frohel's emphasis upon work with the hands as a form 
of creative expression, and in part, from the success of the chemical 
theory of Avogadro as clarified by Cannizzaro in 1859* In keeping with 
the spirit of the times, Howard College in 1886 added laboratory 
chemistry to the courses on its admissions list for students seeking 
advanced standing. To provide guidance to schools offering such a 
course, Professor Josiah Cooke of Harvard prepared a list of eighty 
three experiments, later reduced to sixty, in qualitative and quanti¬ 
tative chemistry. Students were expected to perform most of these in 
schools and were individually tested in the laboratory when they came 
to Cambridge to apply for admission to the college. This list of 
experiments was soon known as "The Pamphlet" and went through several 
revisions as the results of criticism and school experience. The 
Pamphlet was the beginning of the laboratory manual.'*’ 
Dr. Mark wrote a very stimulating paper in The Journal of 
Science Education on an experimental study involving the comparison 
of the two methods of performing experiments in high school chemistry. 
This paper was presented at the Thirtieth Annual Meeting of the 
National Association for Research in Science Teaching. The paper pre¬ 
sented was based upon Dr. Mark's Dissertation with the same title sub¬ 
mitted to the faculty of the Graduate School of the Pennsylvania State 
University in i960 in partial fulfillment of the requirements for the 
I 
John T. Tate, "A History of Science Teaching in the American 
Public High Schools, 1860-1960" (unpublished Ph.D. dissertation, 
Harvard University), pp. 30-35* 
IT 
Degree, Doctor of Education. The study consisted of selecting at 
random six different high schools located within an approximate 
radius of thirty miles from Kent State University in Kent, Ohio. In 
each of the six schools, two groups participated in the study, namely: 
the experimental group with a total of 125 students and the control 
group with a total of 116 students. The control group consisted of 
students who performed chemistry experiments according to the in¬ 
structor’s directions. The experiments were selected by experienced 
secondary school chemistry instructors. The experimental group con¬ 
sisted of students who devised methods for carrying out the experiments 
after having read contents from several hooks related to their 
particular experiment. 
After the ten experiments were performed by both groups during 
the second semester, the Cooperative Chemistry Test (Form Z) was 
administered to each of the two groups in the six schools. When 
the two groups were compared on the results of the chemistry achieve¬ 
ment test, the critical ratio revealed that the experimental group 
performed better in the mastery of principle, problems, equations 
and symbols.'*" 
The reader should not be left with the impression that CBA and 
CHEM-Study in its adolescence is without growing pains. Some fallacies 
must be expected in the developmental stages of any course, especially 
one evolving under considerable pressure of time. Carefully designed 
and tested as the experiments are, for instance, occasionally one of 
I 
Steven J. Mark, "Experimental Study Involving the Comparison 
of Two Methods of Performing Experiments in High School Chemistry," 
Science Education, XXIV, No. 15 (January, 1961), 75-78. 
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them seems only to verify that in the hands of beginning students 
everything that can go wrong will go wrong.1 
From the beginning, it was expected that the objectives and 
outcomes of the CHEM-Study courses would be different; and for this 
reason, it has been separately tested by the College Entrance Examina¬ 
tion Board since 1958, the first year in which substantial numbers of 
students were enrolled. Tests designed for the CHEM-Study courses 
have been given to students from other courses, and tests designed for 
the conventional courses have been given the CHEM-Study students. The 
p 
results clearly show that the students are studying different things. 
The article by Hipsher, while giving further evidence that the 
courses are different, suggests that colleges often count on a con¬ 
ventional oriented high school course. In consequence, so Hipsher 
guesses, students taking modern chemistry courses may be penalized 
when studying chemistry in college. Secondly, he suggests that 
colleges should perhaps, reorganize their science courses in order to 
3 
take advantage of the modern courses taught in high school chemistry. 
Several leaders in science education recommend strongly that a 
good textbook be used as the basis for initiating a science program. 
In a study of the content analysis of the following textbooks, CHEM- 
Study, CBA, Chemistry and You and Elements of Chemistry. Bennett 
asserts that textbook deficiencies affect teaching in general, but 
- 
Richard J. Merrill, "CHEM-Study in Action," Journal of Education, 
XXXVII, No. k (March, 1962), p. 27. 
2 
Frederick Ferris, "Testing for Chemistry Achievement," Journal 
of Chemical Education, XXI, No. 6 (March, i960), p. 37» 
3w. L. Hipsher, "A Study of High School Chemistry Achievement," 
The Science Teacher, VI, No. 7 (October, 1962), 37. 
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frequently they affect the teaching of the science, such as chemistry 
more than other subjects. In addition to the criticism concerning the 
presence of out-dated materials in high school chemistry textbooks, 
one could be equally as critical of the manner and order in which the 
material is presented, as well as the continued inclusion of material 
which will be covered again in freshman college chemistry. This 
indicates a need for textbook revision at the college level, as well 
as coordination between high school and college textbook writers. The 
CHEM-Study and CBA textbook seem to meet these needs.^ 
A series of achievement tests is being revised with the assistance 
of Educational Testing Service, and the tests are distributed and 
administered by this organization. With these tests as a major 
criterion, data have been collected on student achievement in relation 
to independent measures of aptitude. Correlation of achievement and 
aptitude suggests that the course pattern makes a significant con¬ 
tribution to student development. The data from these tests led to the 
2 
revision of many science curriculum. The chairman of the new CHEM- 
Study committee is Dr. Glenn T. Seaborg, now chairman of the U. S. 
Atomic Energy Commission. Director of the project is Dr. Arthur 
Campbell of Harvey Hudd College. Preparation of the textbook has been 
accomplished by teachers from a number of high schools and colleges, 
the principal editor being Dr. George C. Pimentel of the University of 
I 
John W Bennett, "The Extent to Which High School Chemistry 
Textbooks, Adopted by the State of Mississippi Compared with the CBA 
Textbook" (unpublished Master's thesis, School of Education, Atlanta 
University, 1963), p. 48. 
2Henry W. Riechen, Science Course Improvement (Washington, D.C.: 
Government Printing Office, 196^), p. 15. 
20 
California, Berkeley. The laboratory manual has been prepared under 
the editorship of Dr. Lloyd E. Malm of the University of Utah. 
The problem of motivating sufficient numbers of high-ability 
young people to enter scientific and engineering professions will be 
difficult to solve unless some of the reasons as to why they reject 
these fields are discovered. 
Allen in his study on "Attitudes of Certain High School Seniors 
Toward Science and Scientific Careers," found that the development of 
constructive attitudes and an intelligent point of view toward science, 
scientists, and scientific careers is mainly the job of formal 
education. While the results of this study seem to show that such 
attitudes are prevalent among the group studied, when taken as a group, 
they also show the need for re-education of many students on several 
important issues which bear on the public understanding of scientific 
enterprise. The following three points were offered as suggestions 
to science educators for improving present programs and practice in 
order to help young people achieve attitudes toward science will be 
constructive : 
1. Perhaps the most important area of need disclosed in 
this study was the evident misunderstanding and ignorance 
of the nature of science. To get at this problem in a more 
effective way than is presently the case will require serious 
attention to the history and philosophy of science. 
2. The image of a scientist held by young people at any 
given time is a consequence of previous experience in school 
and out. 
3. The interaction of science and society is currently 
of such grave importance that to minimize or disregard it as 
a factor in planning the science program is to be dangerously 
unrealistic. There is clearly a need to introduce into the 
science program materials on the sociology of science, and 
to help young people to examine the problems that arise in 
science and in society as a consequence of their 
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interactions. 
One of the most widely accepted philosophies of science educa¬ 
tion was formulated in 1950 "by Dr. Edward K. Weaver. Dr. Weaver makes 
it clear that a philosophy is a representation of a preference for a 
way of life. The American way of life is that of a democracy. The 
first concern in a democracy is for the individual growth. Our goal 
is a shared life in which each individual can seek, and find in his 
sharing, a unique role distinctive of his own peculiar pattern of 
"becoming. Our people believe that their system of free universal com¬ 
pulsory education will produce intelligent effective participant - 
citizens. We must conclude therefore, that science education must 
also be a discipline of the individual for intelligent effective par¬ 
ticipation in citizenship. The movement of education toward a stand¬ 
point from which it sees itself as consciously striving to build a 
2 
democracy is the most important development of the twentieth century. 
The essence of the philosophy and approach recommended by the 
CHEM-Study Committee is that important concepts and generalizations of 
chemistry should be developed inductively by being based on evidence 
which the student can understand. Wherever possible the evidence is 
gathered directly by the student in the laboratory. Where it is 
impracticable to introduce the evidence in this way, pertinent experi¬ 
ments are described in the textbook. The laboratory thus becomes a 
place where the student makes careful observations of a chemical system 
"*Hugh Allen, Jr., "Attitudes of Certain High School Seniors Toward 
Science and Scientific Careers," Science Manpower Project Monographs, 
3X, No. 4 (September, 1961), 30-33. 
Edward K. Weaver, "A Philosophy for a Sound Science Education 
Program," Science Education, LXX, No. 3 (September, 1950), 350-51. 
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and seek patterns on regularities in these observations. He then is 
encouraged to develop one or more explanations to explain the phenomena 
and regularities he has observed. 
In providing for optimum growth, the objectives of science 
education as stated by Bernal are as follows: 
1. The discovery and stimulation of scientific interest 
and ability. 
2. The laying of a solid background for further scientific 
study. 
3- The motivation of learning to include scientific in¬ 
formation which will prepare students to live more fully in 
a scientific world.^ 
Through the period of use of this program, school and college 
teachers, as well as the authors of the courses, have been evaluating 
its strength and weaknesses and making appropriate revisions. 
Heath and Stickwell (1963) reported the relative achievement of 
CBA, CHEM-Study, and Control groups on a traditional test and on two 
test designed especially to measure the achievement of CBA and CHEM- 
2 
Study Objective. 
Inductive discovery methods of science instruction failed to 
produce more effective learning than traditional deductive verification 
methods. 
Karle (i960) found no significant difference between groups 
taught by the two methods on measures of critical thinking, interest in 
~T 
J. D. Bernal, "Science Teaching in General Education," Science 
and Society, XIV, No. 1 (April, i960), 37. 
2 
Robert W. Heath and David W. Stickwell, "CHEM-Study and CBA 
Effects on Achievement in Chemistry," Science Teacher, XXII, No. 36 
(September, 1963), 37-38. 
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science, recall of information, or application of principles. Charen 
(1963) reported that, although both methods resulted in learning 
chemistry, neither improved critical thinking as measured on a test 
developed by Charen.^ 
Za'rour (1962) found that students achieved equally as well when 
taught by teacher-described demonstrations. 
Oliver (1961) used five measures to determine the relative 
effectiveness of the following three methods for teaching chemistry: 
(a) lecture-demonstration, (b) lecture discussion-demonstration, (c) 
lecture-discussion-demonstration-laboratory exercises. No significant 
difference occurred among the groups as measured of factual information, 
over all achievements in chemistry, or application of science principles.^ 
Generally speaking, the courses have met with an enthusiastic 
reception on the part of many professional chemists and secondary school 
teachers. Perhaps the most dramatic evidence of this interest on the 
part of the schools is the growth of the project itself as indicated by 
the progression chart shown on page 2k. 
1 
David Karle, "The Ability of High School Seniors to Identify 
and Apply Chemical Principles in Problem Solving Situations ' (un¬ 
published Ph.D. dissertation, University of Missouri, i960), p. 60. 
2 
George Charen, "The Effect of Open-Ended Experiments in 
Chemistry on the Achievement of Certain Objectives in Science Teaching," 
Journal of Research in Science Teaching, XI, No. k (October, 1963), P* 40. 
3 
George I. Za'rour, "Comparative Effectiveness of Teacher-Desired 
Versus Discussion-Type Demonstration in High School Chemistry " 
(unpublished Ph.D. dissertation, University of Wisconsin, 1962), p. 71* 
i(. 
Montague Oliver, "An Experimental Study to Compare the Relative 
Efficiency of Theee Methods of Teaching Chemistry in High School " 
(unpublished Ph.D. dissertation, University of Indiana, 1961), p. 40. 
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PROGRESSION CHART 1 
Enrollment in the Chemical Bond Approach and 
CHEM-Study Course Since 
1959 
Academic Number of Number of 
Year Teachers Students 
1959.60 10 850 
1960-61 83 5,550 
1961-62 200 10,000 
1962-63 450 21,000 
1963-64 1,500 45,000 
1964-65 6,000 95,000 
1 
Riecken, loc. cit., p. 85. 
Summary of the review of related literature.—Many points of 
view from eminent students and educators in the field of education are 
brought to focus in this study of related literature. However, the 
literature pertinent to this study was organized as follows: (l) 
studies dealing with philosophies and objectives of science education; 
(2) studies dealing with science offerings in secondary schools; (3) 
studies dealing with facilities and equipment; (4) studies dealing with 
the effectiveness of open-ended experiments; and (5) studies dealing 
with students attitudes toward science. 
A review of related literature has made possible the following 
generalizations : 
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1. Science educators who view public schools as in¬ 
stitutions to perpetuate the American way of life agree 
that a sound science program in America should be 
guided by a democratic philosophy. The objective should 
be: 
(a) To provide enough understanding of the place of 
science in society to enable the great majority 
that will not be actively engaged in scientific 
pursuits to collaborate intelligently with those 
who are; and 
(b) To give a practical understanding of scientific 
method, sufficient to be applicable to the 
problems which the citizens has to face in his 
individual and social life. 
2. The collection and interpretation of data in high school 
chemistry are considered essential in conceptual develop¬ 
ment. 
3. High School chemistry has tended more toward the "why" 
aspect as more information becomes available. 
4. The experiments developed by the CHEM-Study Committee 
are specific in terms of procedures, but open-ended as to 
expected results and interpretations. 
5. The laboratory experiences are not truly indicative 
of the nature and techniques of scientific discovery. 
6. There is considerable question as to whether present or 
"standard" courses realize optimum potential for in¬ 
creasing the level of sophistication of students. 
7- High school students' attitudes toward science may well 
affect the scientific enterprise. If student attitudes 
are favorable to science this fact should be known. If 
their attitudes are nonconstructional due to incorrect 
information, then there is some possibility of correcting 
the misconception. The image these students have of 
science and scientists, if distorted, may deter them from 
entering upon scientific work. 
8. Science information (what is found out) and science under¬ 
standing (how it is found out) are different and that 
the latter yields better results in scientific achievement. 
9. Secondary school science should be taught in terms of 
major concepts of science. Emphasis should be placed on 
the development of laboratory skills, as well as skills 
in the use of the scientific attitudes and development 
of functional understanding of scientific information. 
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10. More facilities and apparatus are needed in the modern 
science courses because greater emphasis is placed on 
individual activities rather than group projects. 
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nature of science. It is highly integrated around the 
developments of concepts, theories and ideas in chemistry. 
Unifying principles are developed as is appropriate in a 
modern chemistry course, with the laboratory work pro¬ 
viding the basis for this development. A clear and valid 
picture of the steps by which scientists proceed is 
carefully presented and repeatedly used. Observation and 
measurements lead to the development of unifying principles 
and then these principles are used to interrelate diverse 
phenomena. Heavy reliance is placed upon laboratory work 
so that chemical principles can be drawn directly from 
student experiences. Not only does this give a correct 
and nonauthoritarian view of the origin of chemical 
principles, but it gives maximum opportunity for discovery 
the most exciting part of scientific activity. The course 
content provides a strong foundation for the college-bound 
student. 
4. The Manufacturing Chemists Association Program's primary 
objective is to inspire students especially talented in 
science to follow science as a career in industry, 
government, or education. 
5» Chemistry: An Introductory course is a complete high 
school course in chemistry. It is designed to provide a 
background for further study of science and also to serve 
those who do not plan technical careers. It takes on a 
systematic approach and minuteness of descriptive material 
and places more emphasis upon the big ideas and important 
principles of chemistry. 
Selection of Objectives 
The framing of objectives is a continuous process. As committee 
research and personal experiments and reports create strict insight, 
new horizons are revealed. This fact is shown in national science 
reports and recommendations. 
1 
J. Arthur Campbell, "The Chemical Education Materials - Study 
Approach to Introductory Chemistry," School Science and Mathematics, 
EXI, No. 2 (February, 1962), 120-21. 
2 
American Association for the Advancement of Science, "Report 
on Broad Improvements in Science Education," Science Education News, 
Washington (December, 1964), 7* 
3Ibid. 
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1. In the report of the Educational Policies Commission, 
science education is called upon for an important part 
in life adjustment education. More specific objectives 
of science education for each American youth to: 
(a) Equip him to enter an occupation suited to his 
abilities and offering reasonable opportunity for 
personal growth ahd social usefulness. 
(b) Prepare him to assume the full responsibilities of 
American citizenship. 
(c) Give him a fair chance to exercise his right to 
pursuit of happiness. 
(d) Stimulate intellectual curiosity, engender satis¬ 
faction in intellectual achievement and cultivate 
the ability to think rationally. 
2. In another report, that of the Harvard Committee on General 
Education, the point of view concerning science is that: 
Science instruction in general education should be 
characterized mainly by broad integrative elements...the 
comparison of the scientific method with other modes of 
thought...the relation of science with the problem of 
human society. 
3. The Thirty-First Yearbook of the National Society for the 
Study of Education holds that: The major generalizations 
and associated scientific attitudes are seen as of such 
importance that understanding of them are made the 
objectives of teaching...They touch life in so many ways 
that their attainment as educational objectives con- _ 
stitute a large part of the program of life enrichment. 
4. The American Association for the Advancement of Science 
had a committee to formulate the following report: A 
major contribution of this report was its emphasis on the 
need for, and its offering of, a comprehensive program of 
science education from the Kindergarten through college. 
It organized science education in all grades from 
1 
Educational Policies Commission, Education for all American 
Youth (Washington, D. C.: National Education Association, 1957), p. 208. 
2 
Harvard University, "General Education in a Free Society," 
(Cambridge, Mass.: Harvard University Press, 1950). 
3 
Florence B. Stratemeyer, Developing A Curriculum for Modern 
Living (New York: Bureau of Publications, Teachers College, Columbia 
University, 1957)* 
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kindergarten through twelve, and proposed that all science 
instruction, including the generalized areas of chemistry 
and physics, he organized around broad generalizations of 
principles. It held that the purpose of science education 
is development of understanding of the major generali¬ 
zation and associated attitudes. 
The need for definite objectives in teaching any subject is 
generally recognized. Statements of these pbjectives can be helpful 
in making work in science meaningful. After careful review of the 
four criteria listed above, the writer selected the following types of 
objectives. 
1. Providing opportunity for growth in the functional 
understanding of facts. 
2. Providing for development of functional concepts. 
3. Providing for growth in the functional understanding 
of principles. 
4. Providing opportunity for growth in basic instrumental 
skills. 
5. Providing for growth in the development of scientific 
interest. 
6. Providing for growth in the development of scientific 
attitudes. 
The writer has attempted to indicate types of objectives rather 
than all of the possible objectives that were necessary to conduct this 
research. They point out directions of potential growth for the student 
and impose a responsibility on the chemistry teacher to provide planned 
opportunity for such growth. 
The first three objectives, dealing with information, concepts, 
and principles, stress the word functional. The National Society for 
1 
The American Association for the Advancement of Science: Com¬ 
mittee Report, "The Place of Science in Education," School science and 
Mathematics, XLII (January, 1952), 560. 
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the Study of Education had this to say about functional objectives: 
Instruction which results merely in the acquisition 
of a body of isolated facts, verbalization of concepts and 
principles, and unrelated mechanical skills is non¬ 
functional and, therefore, of questionable value. When 
facts, concepts, and principels are taught in such a manner 
as to result in adequate adjustment to problem situation, in 
altered thinking and altered behavior, then and only then 
are they considered to be functional. The synthesis of 
complex understanding results from a systematic approach, 
starting with the simplest kind of experience and moving 
by gradual increase in complexity and difficulty to the 
final concept. At the various stages of comprehension, 
the concept should be kept continuously in use, as should 
the final version, by application to problems which arise 
in the classroom or elsewhere. Comprehension does not 
end with synthesis. It remains functional only if it is 
applied. 
Selection of the Content 
Once the major objective of science teaching have been defined, 
the actual chemistry course content remains to be determined. The 
problems involved in the selection of content for the high school 
course in chemistry have been summed up in a recent study which also 
2 
suggests some principles which should govern selection. The following 
are particularly noted. 
1. Modification of the course by constant content 
addition is impossible. 
2. Complete, detailed agreement among any group of 
subject - area teachers on the skeleton or fundamentals 
of the course is impossible. 
3- The factual material of texts and references is useful 
as a means of developing understanding of basic laws, 
1 
The National Society for the Study of Education, "Science 
Education in American Schools," The Forty-Sixth Yearbook (Chicago: 
University of Chicago Press, 1947)• 
2 
National Science Teachers Association, "High School Chemistry 
...Keeping the Course Up to Date," The Science Teacher, XXIII 
(December, 1956). 
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theories, and principles, and is not an end in itself. 
4. Careful consideration of the structure, properties, 
and chemical reactions of common representative elements 
and their compounds should he included in the essential, 
of a high school chemistry course. It is, therefore, 
desirable that students acquire a working knowledge of 
the theories of the structure of matter early in the 
course. 
5. The course content should help to satisfy real needs of 
the students. 
6. The course content should he of a proper degree of 
difficulty, adequate consideration being given in its 
selection to the maturity level of the pupils. 
7- Economic and social application should he developed and 
stressed, particularly those related to everyday life. 
8. The content should include a wealth of materials and 
activities designed for use in developing the abilities 
and attitudes associated with the scientific method of 
problem solving. 
9* Content that appeals to pupils interest is more likely 
to influence pupil behavior than that which does not. 
In this study, a proposed selection of content is given as 
follows : 
1. A study of the nature of matter and energy and the 
properties of each which are useful to the chemist. 
2. A more detailed study of a few representative common 
elements and compounds which act as metals, non metals, 
acide, or salts. 
3. A study of the structure of matter, involving the 
notions of molecules, atoms, electrons, protons, and 
ions. 
4. A Study of the periodic arrangement of the elements 
(long form) and its use in predicting chemical behavior. 
5. A study of chemical reactions in solutions, such as 
neutralization, hydrolysis, and equilibrium; also, how 
to write equations for these reactions in agreement 
with the law of the conservation of mass. 
6. A study of chemical calculations such as percentage 
35 
was composed of forty students who chose to elect chemistry in the 
eleventh grade at David T. Howard High School. For the purpose of 
this investigation, through the cooperation of the counselors and 
scheduling committee, students with similar academic backgrounds and 
intelligence were drawn from a large sample. The fortv students 
selected composed the experimental and control groups. Each student 
selected had satisfactorily completed the following courses in 
science mathematics: (l) General Mathematics, (2) Algebra I and II, 
(3) Plane Geometry, (4) General Physical Science, (5) General Biology, 
(6) Human Biology, (7) and one semester of PSSC Physics. The students 
taught the use of CHM-Study material were called the experimental 
group, and students using the conventional exercises were called the 
control group. 
The instructor.—Since the selection of electives is completed 
in May of the preceding semester, it was possible for the adminis¬ 
tration to arrange class schedules in such way that the writer was 
able to teach all recitation and laboratory sections of the two 
groups involved in this study. The chemistry classes met for five 
periods per week. Three of these are devoted to lecture and recitation 
and two consecutive periods are utilized for laboratory work. 
Course of study.—The objectives of the course such as concepts, 
skills in problem solving, and the application of principles were the 
same for both groups. The topics covered and their sequence were 
identical in both control and experimental groups. The same de¬ 
monstrations were performed by the writer. These were performed as a 
part of the classroom work and served as one of a variety of in¬ 
structional techniques. The following is an example of the course of 
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study in this research: 
I. Introduction 
A. Metric System 
II. The Physical Basis of Chemistry 
A. Laws of Chemical Combination 
B. Atomic Weights and Symbols 
1. Electrons 
2. Electronic forces: Coulombic, Exchange 
3. Atomic Numbers: Protons and Neutrons 
4. Periodic Table 
III, Discontinuity of Chemical Charge 
A. Bond Types: ionic, covalent, metallic 
B. Physical Properties of Substances 
1. Gases 
(a) Gas laws 
(b) Kinetic molecular theory 
2. Liquids 
s. Solids 
C. Physical transformation and Temperature 
1. Gas to liquid 
2. Liquid to solid 
3. Relation of mass to properties 
4. Relation of transformation to Bond type 
5. Classification of matter and physical transformations 
(a) Mixtures 
(b) Solutions 
( c ) Compounds 
(d) Elements 
6. Purification Procedures 
D. Discontinuity between Elements and Compounds 
IV. Periodic Tables 
V. Hydrogen, Chlorine, oxygen, hydrogen, chloride 
A. Relative attraction for elections, stabilities of 
NaH, NaCl, and HC 1 
B. Polar Covalent Bonds 
C. Properties of HC1 
VI. Properties of H^O 
A. Physical properties 
B. Reaction with salts and acids 
C. Reaction with Na 
VII. Acids and Bases 
A. Stoichiometry 
B. Filtration 
VIII. Bonds Between Hike Atoms 
A. Carbon Chains 
B. Multiple Bonds 
C. Functional Groups 
IX. The Halogens 
X. The Chemistry of Carbon compounds 
The control group used the laboratory manual, Laboratory Ex¬ 
periments in Chemistry, by Brownlee, Fuller, and Whitsit (New York 
Allyn and Bacon, 1964). 
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The experimental group used the open-ended experiments sponsored 
by the National Science Foundation. These experiments are published 
in the laboratory manual, Chemistry: An Experimental Science by the 
Chemical Education Material Study, (San Francisco: W. H. Freeman and 
Company, 1963. 
Format of the experiments.—Each open-ended laboratory ex¬ 
periment is introduced with a broad question; it assumes that the 
students cannot anticipate the answers before they start the experi- 
ments. On the basis of the laboratory work, students are asked to 
make predictions and then verify or disprove them. 
Keeping a permanent record of observations is a part of scien¬ 
tific training. Therefore, a carbon copy system was used. A copy of 
each student’s work was collected at the end of each day's work. 
Samples of these experiments can be found in the Appendix. The general 
format of these experiments is as follows: 
1. Statement of the Problem 
2. Procedures - Here the general approach and goal of the 
experiment is stated. 
3. Apparatus 
1*-. Materials 
5. Specific Directions 
6. Conclusions 
7. Checking the Experiment - Students are asked to make pre¬ 
dictions on various aspects of the experiments. They, 
then, try the experiments and report the results. 
The conventional laboratory exercise in Laboratory Experiments 
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in Chemistry has a different format. Usually a problem is posed, where 
the student verifies a known statement. The apparatus needed and the 
materials necessary are listed. Directly following this are specific 
instructions for that particular part of the exercise. Blanks are 
provided directly on the laboratory sheet for observations as well as 
the answers to questions specifically asked. Usually it is necessary 
for the student to "answer these questions in the laboratory, in 
regular order, so that he will understand what he is doing at the time 
the question is asked, and that he will have the information needed 
for later parts of the experiments'.'"*’ 
Laboratory work.—Both classes received identical orientation 
for work in the chemistry laboratory. The importance of safety was 
discussed as a part of his introductory work; this was also reiterated 
at each session as specific hazards applied to the experiments of the 
day. 
Preparation for the laboratory experience.—The control groups 
had in their possession the laboratory manual, Laboratory Experiments 
in Chemistry. These were brought to the laboratory, the directions as 
outlined for each exercise were followed, and questions asked in these 
manuals were answered. 
The experimental group had a bound manual, but used a separate 
book for writing up the experiments. This book is printed on perforated 
blank paper, supplied with holes, thus making it possible for insertion 
into a looseleaf notebook. Care was taken so as not to reveal any 
element of discovery. 
- 
Brownlee, Fuller, Whitsit, Laboratory Experiments in Chemistry 
(New York: Allyn and Bacon Company, 1964). 
In both groups the students were required to read the entire 
experiment prior to coming to class, and were expected to be familiar 
with the procedures outlined. 
Experiments used by the experimental group.—The experimental 
groups used the open-ended experiments for their entire laboratory 
experience. Forty-one experiments have been prepared; however, it was 
not possible to perform all the experiments. The following is a list 
of the twenty completed experiments: 
1. Scientific observation and description 
2. Behavior of solids on warming 
3. The melting temperature of a pure substance 
4. Combustion of a candle 
5. Heat effects 
6. The weights of equal volumes of gases 
7. The behavior of solid copper immersed in a water solution 
of the compound Silver Nitrate 
8. Mass relationship accompanying chemical changes 
9. A quantitative investigation of the reaction of a metal 
with Hydrochloris acid 
10. An investigation of the reacting volumes of two solutions 
of known concentrations 
11. Reactions between Ions in Aqueous solution 
12. A study of reaction 
13. The heat of reaction 
14. A study of reaction rates 
15* Chemical equilibrium 
Determination of the solubility product constant 
of Silver Acetate, AgCH^COO 
17. The heat of some acid - base reactions 
hi 
18. The determination of the Hydrogen Ion concentration 
of solution using indicators 
19. Applying Le Chatelier's principles to some reversible 
chemical reactions 
20. Electrochemical cells 
Experiments used by the control group.—The control group each 
performed twenty-six exercises found in Laboratory Experiments in Chemis- 
try by Brownlee, Fuller and Whitsit. The authors stated in the foreword 
of the manual that in most schools, the time allowed for laboratory 
work is not sufficient for performing all the experiments in the 
manual. The exercises listed below are those which were completed 
by the students in the control group. 
1. Setting up apparatus 
2. Decomposition of Mercuric Oxide 
3. The Bunsen Burner 
4-. Preparation of Oxygen by the decomposition of a Chlorate 
5. Formation of Oxide 
6. Preparation of Hydrogen by the reaction between an acid 
and a metal 
7. Properties of Hydrogen' 
8. Purification of liquids by distillation 
9• Ions I 
10. Ions II 
11. Hydrochloric acid 
12. Metallica Hydroxides: Alkalies and Bases 
13. Neutralization 




18. Forms of Sulfar 
19. Hydrogen Sulfide 
20. Sulfur Dioxide 
21. Sulfuric Acid 
22. Axanonia andAnnonium Hydroxide 
23• Ammonium compounds 
2k. Nitric Acid 
25. Reactions go to completion through volatility 
26. Reactions go to completion through insolubility 
Laboratory reports.—Each experiment in the laboratory manual 
contains questions and blanks for the answers to these questions. If 
it were possible, each student at the end of the laboratory period 
turned in to the instructor the detached experiment sheet on which 
all questions had been answered. There were times when this could not 
be achieved; under such circumstances, the sheets were turned in at 
the next class meeting. 
The experimental groups on the day following the laboratory 
session, turned in a written report in which were incorporated the 
following: a statement of the problem undertaken, the observations 
made and the conclusions drawn. If any difficulties were encountered 
during the course of the experiment, these were noted. When the 
laboratory reports were turned in, the students also returned to the 
writer the guide for the experiment. 
These reports and the completed laboratory sheets in both the 
experimental and control groups were read by the writer. Corrections 
and comments were made and they were returned to the students before 
the next laboratory period. 
CHAPTER III 
PRESENTATION AND ANALYSIS OF DATA 
Organization and treatment of data.—The present chapter presents 
analyzes, and interprets the data which were gathered to ascertain the 
differences, if any, in general aptitude, achievement in chemistry 
between a group of students using the CHEM-Study experiments and a 
group using the conventional laboratory exercise at the David T. Howard 
High School, Atlanta, Georgia. 
The data for this research were collected and organized for the 
purpose of analysis and interpretation of the following areas: 
(a) Data on educational achievement as measured by the 
school and college Ability Test, Form 2. 
(b) Data on achievement in chemistry as measured by the A.C.S.- 
N.S.T.A. Cooperative Examination in High School Chemistry, 
Form 1963 and 1963 Advanced. 
The membership of the two groups was determined by ratings of 
materials gathered from the cumulative folders through the collaboration 
of counseling personnel of the David T. Howard High School, Atlanta, 
Georgia. The twenty subjects in the CHEM-Study class were labeled the 
Experimental Group. Twenty subjects using the conventional laboratory 
exercises were labeled the Control group. 
The "criterion of reliability"^ of the statistics involved in the 
_ 
J* P. Guilford, Fundamental Statistics in Psychology and Educa¬ 
tion (New York: McGraw-Hill Book Company, 19^2), p. 130. 
^5 
test of significance was established as Fisher's "t" of 2.58 at one 
per cent level of confidence and thirty-eight degrees of freedom with 
reference to raw score data. 
The summation, conclusions, implications, and recommendations 
Stemming from the interpretations of the data are contained in Chapter 
IV of this study. 
Significant differences in General Aptitude 
Results on the school and college ability test (total scores).— 
The data on the "Total-Scores" component of the School and College 
Ability Test, as revealed by the scores attained by the experimental 
and control groups of the David T. Howard High School, Atlanta, 
Georgia, I965-I966, as presented in Tables 1 and 2, and Figure 1, pages 
46, 1*7, and 1*8 respectively, are presented in the separate paragraphs 
to follow. 
Experimental group - The data on the Total Scores component of 
the CHEM-Study group indicated a range in scores from a low of 28 to 
a high of 110, with a mean scores of 75*0, a median score of 79*5, a 
standard deviation of 20.60, and a standard error of the mean of 1*.72. 
Ten or 50 per cent of the students scored above the mean class- 
interval, 8 or 1*0 per cent of them scored below the mean class- 
interval, and 2 or 10 per cent of the students scored within the mean- 
class-interval. The mean score of 75.0 was equivalent to a grade 
placement of 10.6. 
Control group - The data on the Total Scores component for the 
group utilizing conventional exercise indicated a range in scores from 
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TABLE 1 
DISTRIBUTION OF THE RAW SCORES ON THE SCHOOL AND COLLEGE 
ABILITY TEST (TOTAL SCORES) AS OBTAINED BY THE 
EXPERIMENTAL AND CONTROL GROUPS 
Scores Control Experimental Total 
Frequency Per 
Cent 
Frequency Per Cent Frequency Per 
Cent 
110-119 0 0 1 5 1 2-5 
100-109 2 10 0 0 2 5.0 
90- 99 2 10 5 25 7 17-5 
80- 89 1 5 4 20 5 12.5 
70- 79 2 10 2 10 4 10.00 
60- 69 4 20 3 15 7 17.5 
50- 59 4 20 2 10 6 15.0 
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SIGNIFICANT DIFFERENCES ON THE SCHOOL AND COLLEGE ABILITY 
TEST BETWEEN THE EXPERIMENTAL AND CONTROL GROUPS 
Group Number Mean Sigma 
S.E. 
M. Mx - Mg 
Sigma 
M1 - M£ "t" 
Control 20 65.O 20.6 4.72 10.0 
Experimental 20 75-0 20.6 4.72 6.6 1.50 
a low of 30 to a high of 104, with a mean score of 65.0, a median 
score of 62.0, a standard deviation of 20.6, and a standard error of the 
mean of 4.72. 
Seven or 35 per cent of the students scored above the mean class- 
interval, nine or 45 per cent of them scored below the mean class- 
interval, and four or 20 per cent scored within the mean class-interval. 
The mean score of 65.0 was equivalent to a grade placement of 9*8* 
Comparative data on "t" ratio.—As indicated in Table 2, the mean 
score of the experimental group was 75, for the control group it was 
65, with a difference of 10 in favor of the experimental group; the 
median score for the experimental group was 79*5, for the control group 
it was 62.0, with a difference of 7*5 in favor of the experimental 
group; the standard deviation for the experimental group was 20.6, for 













Figure L--Frequency Polygon of the Scores Obtained on the 
School and College Ability Test by the Experimental 




group of students; the standard error of the mean for the experimental 
group was 4.72, for the control group it was 4.7, with a difference 
of .02 in favor of the experimental group. The standard error of the 
difference between the two means was 6.6. 
The "t" for this data was 1.50 which was not significant because 
it was less than 2.58 at the one per cent level of confidence. There¬ 
fore, the difference between the experimental and control groups on 
the total scores component of the School and College Ability was not 
statistically significant. 
Significant Differences in Achievement in Chemistry 
Results on the A.C.S.-N.S.T.A. Cooperative Examination in High 
School Chemistry - Form 1963 (Total Scores).—The data on the "total 
scores" component of the Cooperative Chemistry Examination as re¬ 
vealed by the Experimental and Control groups of students of the 
David T. Howard High School, Atlanta, Georgia, I965-I966, are presented 
in Tables 3 and 4, and Figure 2, pages 50, 51 and 52 respectively, 
are found in the separate paragraphs to follow. 
Experimental group - The data on the total score component of the 
experimental group indicated a range in scores from a low of 23 to a 
high of 98, with a mean score of 60.5, a median score of 59*5} a 
standard deviation of 19.6, and a standard error of the mean of 4.41. 
Eight or 40 per cent of the students scored above the mean class- 
interval, 10 or 50 per cent of them scored below the mean class- 
interval, and two or 10 per cent scored within the mean class interval. 
The mean score of 60.5 was equivalent to a grade-placement of 10.7« 
Control group - The data on the total score component of the 
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TABLE 3 
DISTRIBUTION OF THE RAW SCORES ON THE A.C.S.-N.S.T.A. COOPERA¬ 
TIVE EXAMINATION IN HIGH SCHOOL CHEMISTRY, FORM 1963 
(TOTAL SCORES) AS OBTAINED BY THE EXPERIMENTAL 
AND CONTROL GROUPS 
Scores 
Control Experimental Total 
Fre- Per Fre- Per Fre- Per 
quency Cent quency Cent quency Cent 
























 2 10 1 5 3 7.5 
70- 79 2 10 5 25 7 17.5 
60- 69 1 5 2 10 3 7.5 
50- 59 0 0 3 15 3 7-5 
40- 49 9 45 4 20 13 32.5 







J 0 0 1 5 1 2.5 
10- 19 0 0 0 0 0 0 
Total 20 100 20 100 40 100 
Range 63 76 
Mean 52.5 60.5 
Median 45.06 59-5 
Sigma 18.9 19.5 
S.E. 4.33 4.41 
51 
TABLE 4 
SIGNIFICANT DIFFERENCE ON THE A.C.S.-N.S.T.A. COOPERATIVE 
EXAMINATION IN HIGH SCHOOL CHEMISTRY, FORM 1963 (TOTAL 
SCORE) BETWEEN THE EXPERIMENTAL AND CONTROL 
GROUPS 
Group Number Mean Sigma 
S.E. 




Control 29 52.5 18.9 4.33 8.0 6.18 
1.30 
Experimental 20 60.5 19.6 4.4l 
Control group indicated a range in scores from a low of 31 to a high 
of 9^> with a mean score of 52.5» a median score of 45.06, a standard 
deviation of 18.9 and a standard error of the mean of 4.33* 
Six or 30 per cent of the students scored above the mean class- 
interval, 0 or 0 per cent of them scored within the mean class- 
interval, and 14 or 70 per cent scored below the mean-class-interval. 
The mean score of 52.5 was equivalent to a grade placement of 101. 
Comparative data and "t" ratio.—As indicated in Table 4, the 
mean score of the experimental group was 6o.5> for the control group 
it was 52.5» with a difference of 8.0 in favor of the experimental 
group. The standard error of the difference between the two means was 
6.18. 
The "t" for these data was 1.30, which was not significant because 
it was less than 2.58 at the one per cent level of confidence. There¬ 










Figure 2. Frequency Polygon of Raw Scores Obtained on 
The A.C.S.-N.S.T.A. Cooperative Examination 
in High School Chemistry, Form 1963 (Total 
Scores) by the Experimental and Control 
Groups. 
Control  
Experimental - - - - 
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the A.C.S.-N.S.T.A. Cooperative Examination in High School Chemistry, 
Form 1963 (Total Scores) was not statistically significant. 
Results on the A.C.S.-N.S.T.A. Cooperative Examination in High 
School Chemistry, Form 1963 (Chemistry Arithmetic).—The data on the 
chemistry arithmetic component of the A.C.S.-N.S.T.A. cooperative 
examination in High School Chemistry, Form 1963 as revealed by the 
scores attained by the Experimental and Control groups of the David T. 
High School, Atlanta, Georgia, I965-I966, as presented in Tables 4 
and 5, and Figure 3, pages 54, 55, and 56 respectively, as are pre¬ 
sented in the separate paragraphs to follow. 
Experimental group - The data on the chemistry arithmetic com¬ 
ponent for the experimental group indicated a range in scores from a 
low of 9 to a high of 52, with a mean score of 32.25, a median score 
of 32.0, a standard deviation of 13*75 and. a standard error of the 
mean of 3*81. 
I 
Nine or 1-5 per cent of them scored below the mean class-interval, 
and nine or 45 per cent of them scored above the mean class-interval, 
and two or 10 per cent of the students scored within the mean class- 
interval. 
Control group - The data on the chemistry arithmetic component 
for the control group indicated a range in scores from a low of 12 to 
a high of 53 with a mean score of 29.25, a median score of 28.5, a 
standard deviation of 16.05 and a standard error of the mean of 4.47* 
Nine or 4-5 per cent of the students scored above the mean class- 
interval, six or 30 per cent of them scored below the mean class- 
interval, and five or 25 per cent scored within the mean class-interval. 
54 
TABLE 5 
DISTRIBUTION OF THE RAW SCORES ON THE A.C.S.-N.S.T.A. COOPERATIVE 
EXAMINATION IN HIGH SCHOOL CHEMISTRY FORM 1963 ( CHEMISTRY 
ARITHMETIC) AS OBTAINED FROM THE EXPERIMENTAL AND 
CONTROL GROUPS 
Score 
Control Experimental Total 
Fre- Per Fre- Per Fre- Per 
quency Cent quency Cent quency Cent 
50-54 3 15 2 10 5 
45-49 1 5 3 15 4 
4o-44 2 10 2 10 4 
35-39 1 5 2 10 3 
30-34 2 10 2 10 4 
25-29 5 25 5 25 10 
20-24 1 5 0 0 1 
15-19 0 0 1 5 1 
10-14 2 10 2 10 4 
5- 9 3 15 1 5 4 
Total 20 100 20 100 4o 
Range 4i 43 
Mean 29.25 32.25 
Median 28.5 32.0 
Sigma 16.05 13.75 
S.E. 4.75 3.81 
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TABLE 6 
SIGNIFICANT DIFFERENCES ON THE A.C.S.-N.S.T.A. COOPERATIVE 
EXAMINATION IN HIGH SCHOOL CHEMISTRY, FORM 1963 
(CHEMISTRY ARITHMETIC) BETWEEN THE EXPERI¬ 
MENTAL AND CONTROL GROUPS 






Control 20 28.25 16.05 4.47 
4.00 5.87 .68 
Experimental 20 32.25 13.75 3.81 
Comparative data on "t" ratio.—As indicated in Table 5, the 
mean score of the experimental group was 32.25, for the control group 
it was 28.25, with a difference of 4.0 in favor of the experimental 
group; the median for the experimental group was 32.0, for the control 
group it was 28.5, with a difference of 3.5 in favor of the experi¬ 
mental group; the standard deviation for the experimental group was 
13.75, for the control group it was 16.05, with a difference of 2.30 
in favor of the control group; the standard error of the mean for the 
experimental group was 3.81, for the control group it was 4.47, with a 
difference of .66 in favor of the control group. The standard error of 
the difference between the two means was 5.87. 
The "t" for these data was .68, which was not significant because 













Figure 3. Frequency Polygon of Scores Obtained on the 
Cooperative Examination in High School Chemistry, 
Form 1963 (Chemistry Arithmetic) by the Experi¬ 




Therefore, the difference between the experimental and control groups 
on the chemistry arithmetic component of the Cooperative Examination 
in High School Chemistry, Form 1963 was not statistically significant. 
Results on the Cooperative Examination in High School Chemistry, 
Form 1963 (Application of Principle).—The data on the application of 
principle component of the Cooperative Examination as revealed by the 
scores obtained from the experimental and control groups, as presented 
in Tables 7 and 8, and Figure 4, pages 58, 59 and 60 respectively, 
are presented in the separate paragraphs below. 
Experimental group - The data on the application of principle 
component for the experimental group indicated a range in scores from 
a low of 12 to a high of 6l, with a mean score of 33*0, a median score 
of 32.0, a standard deviation of 15*9 and a standard error of the mean 
of 3*86. 
Eight or 40 per cent of the students scored above the mean class- 
interval, and four or 20 per cent scored within the mean class-interval, 
and eight or 40 per cent scored below the mean class-interval. 
Control group - The data on the application of principle com¬ 
ponent for the control group indicated a range in scores from a low of 
nine to a high of sixty, with a mean score of 3^*5> a median score of 
29.5y a standard deviation of 16.65, and a standard error of the mean 
of 3-84. 
Eight or 40 per cent of the students scored above the mean class- 
interval, 10 or 50 per cent scored below the mean class interval, 
and two or 10 per cent scored within the mean class-interval. 
Comparative data and "t" ratio.—As indicated in Table 8, the 
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TABLE 7 
DISTRIBUTION OF THE RAW SCORES ON THE A.C.S.-N.S.T.A. COOPERATIVE 
EXAMINATION IN HIGH SCHOOL CHEMISTRY, FORM 1963 (APPLICATION 
OF PRINCIPLES) AS OBTAINED FROM THE EXPERIMENTAL AND 
CONTROL GROUPS 
Score 













60-64 2 10 1 5 3 7-5 
55-59 1 5 1 5 2 5.0 
50-54 1 5 1 5 2 5.0 
45-49 1 5 3 15 4 10.0 
40-44 2 10 2 10 4 10.0 
35-39 1 5 0 0 1 2.5 
30-34 2 .10 4 20 6 15.0 
25-29 5 25 0 0 5 12.5 
20-24 3 15 5 25 8 20.0 
15-19 0 0 1 5 1 2.5 
10-14 1 5 0 0 1 2.5 
5- 9 1 5 2 10 3 7.5 


















SIGNIFICANT DIFFERENCE ON THE A.C.S.-N.S.T.A. 
COOPERATIVE EXAMINATION IN HIGH SCHOOL CHEMIS¬ 
TRY (APPLICATION OF PRINCIPLE) BETWEEN THE 
EXPERIMENTAL AND CONTROL GROUPS 
S. E* Sigma 
Group Number Mean Sigma M ^L“M2 "tM 
Control 20 34.5 16.65 3.34 
1.5 2.33 .64 
Experimental 20 33.0 15.90 3.66 
mean score of the experimental group was 33*0, for the control group 
it was 34*5 with a difference of 1.5 in favor of the control group; 
the median score for the experimental group was 32.0, for the control 
group it was 29*5, with a difference of 2.5 in favor of the experimental 
group; the standard deviation for the experimental group was I5.90, 
for the control group it was 16.65, with a difference of .75 in favor 
of the control group. The standard error of the difference between the 
mean was 2*33* 
The "t" for these data was .64, which was not significant because 
it was less than 2.58 at the one per cent level of confidence. There¬ 
fore, the difference between the experimental and control groups on the 
application of principle component of the cooperative chemistry 













Figure 4* Frequency Polygon of the Raw Scores Obtained 
on the A.C.S,-N.S,T,A. Cooperative Examimtion 
in High School Chemistry (Application of Prin¬ 




Results on the A.C.S.-N.S.T.A. Cooperative Examination in High 
School Chemistry, Form 1963, Advanced (Total Scores).—The data on the 
total score component of the cooperative chemistry examination as 
revealed by the experimental and control groups are presented in Tables 
9nand 10, and Figure 5, pages 62, 63 and 64 respectively, are presented 
in the separare paragraphs to follow. 
Experimental group - The data on the total score component for 
the experimental group indicated a range in scores from a low of 12 to 
a high of 89, with a mean score of 51«0, a median score of 44.2, a 
standard deviation of 17*7, and a standard error of the mean of 4.07- 
Ten or 50 per cent of the students scored above the mean class- 
interval, and seven or 35 per cent scored below the mean class-interval, 
and 3 or 15 per cent scored within the mean class-interval. 
Control groups - The data on the total score component for the 
control group indicated a range in scores from a low of 10 to a high 
of 85, with a mean score of 55*6, a median score of 43*2, a standard 
deviation of 13«7, and a standard error of the mean of 3*15* 
Six or 30 per cent of the students scored above the mean class- 
interval, six or 30 per cent scored below the mean class-interval, 
and eight or 40 per cent scored within the mean class interval. 
Comparative data and 111" ratio.—As indicated in Table 10, the 
mean score fo the experimental group was 51*0, for the control group 
it was 55-6 with a difference of 4.6 in favor of the control group; 
the median score for the experimental group was 44.2, for the control 
group it was 43.2, with a difference of 1.0 in favor of the experimental 
group; the standard deviation for the experimental group was 17.1, for 
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TABLE 9 
DISTRIBUTION OF THE RAW SCORES ON THE A.C.S.-N.S.T.A. COOPERATIVE 
EXAMINATION IN HIGH SCHOOL CHEMISTRY, FORM 1963 ADVANCED, AS 
OBTAINED BY THE EXPERIMENT AND THE CONTROL GROUPS 
Score 













80-89 1 5 2 10 3 7.5 
70-79 2 10 3 15 5 12.5 
60-69 3 15 4 20 7 17.5 
50-59 8 4o 4 20 12 30.0 
4o-49 2 10 3 15 5 12.5 
30-39 2 10 1 5 3 10.0 
20-29 1 5 2 10 3 7.5 
10-19 1 5 1 5 2 5.0 
Total 20 100 20 100 4o 100 
Range 75 77 
Mean 55.6 51.0 
Median 43.2 44.2 
Sigma 13.7 17.7 
S.E. 3.15 4.07 
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TABLE 10 
SIGNIFICANT DIFFERENCES ON THE A.C.S.-N.S.T.A. COOPERATIVE 
EXAMINATION IN HIGH SCHOOL CHEMISTRY, FORM I963 ADVANCED 
TOTAL SCORE COMPONENT BETWEEN THE EXPERIMENTAL AND 
CONTROL GROUPS 
Group Number Mean Sigma S.E. M1 - M2 
Sigma 
*L - «2 
"t " 
Control 2© 55.6 13.7 3.15 
4.6 5.15 .89 
Experimental 20 51.0 17.7 4.07 
the control group it was 13*7, with a difference of 4.0 in favor of the 
experimental group, the standard error of the mean for the experimental 
group was 4.07, for the control group it was 3.5 with a difference of 
.82 in favor of the experimental group. The standard error of the 
difference between the two means was 5.15. 
The "t" for these data was .89, which was not significant 
because it was less than 2.58 at the one per cent level of confidence. 
Therefore, the difference between the experimental and control groups 
on the total score component of the A.C.S.-N.S.T.A. Cooperative 
Examination in High School Chemistry was not statistically significant. 
Results on the A.C.S.-N.S.T.A. Cooperative Examination, Advanced 
(Chemistry Arithmetic).—The data on the chemistry arithmetic component 










Figure 5. Frequency Polygon of the Raw Scores Obtained 
on the A.C.S.-N.S*T,A. Cooperative Examination 
in High School Chemistry, Form 1963 Advanced, 




obtained from the experimental and control groups are presented in 
Tables 11 and 12, and Figure 6, pages 66, 67 and 68 respectively, are 
found in the separate paragraphs to follow. 
Experimental group - The data on the chemistry arithmetic com¬ 
ponent for the experimental group indicated a range in scores from a 
low of nine to a high of 48, with a mean score of 27-0, a median score 
of 29.5, a standard deviation of 11.20, and a standard error of the 
mean of 3 * 35 * 
Ten or 50 per cent of the students scored above the mean class- 
interval, and seven or 35 per cent scored below the mean class- 
interval, and three or 15 per cent scored within the mean class- 
interval. 
Control group - the data on the chemistry arithmetic component 
for the control group indicated a range in scores from a low of 10 to 
a high of 47, with a mean score of 26.0, a median score of 24.5, a 
standard deviation of 9*70, and a standard error of the mean of 2.22. 
Nine or 45 per cent of the students scored above the mean class- 
intervalinterval, nine or 45 per cent of them scored below the mean 
class-interval, and two or 10 per cent of them scored within the mean 
class-interval. 
Comparative data and "t" ratio.—As indicated in Table 12, the 
mean score of the experimental group was 27.0, for the control group 
it was 26.0, with a difference of 1.0 in favor of the experimental 
group; the median score for the experimental group was 29.5, for the 
control group it was 24.5 with a difference of 5.0 in favor of the 
experimental group; the standard deviation for the experimental group 
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TABLE 11 
DISTRIBUTION OF THE RAW SCORES ON THE A.C.S.-N.S.T.A. COOPERATIVE 
EXAMINATION IN HIGH SCHOOL CHEMISTRY, FORM 1963 ADVANCED 
(CHEMISTRY ARITHMETIC) AS OBTAINED FROM THE EXPERI¬ 
MENTAL AND CONTROL GROUPS 
Score 













45-49 1 5 1 5 2 5.0 
4o-44 3 15 4 2- 7 17.5 
35-39 3 15 2 10 5 12.5 
30-34 1 5 3 15 4 10.0 
25-29 4 20 5 25 9 22.5 
20-24 6 30 3 15 9 22.5 
15-19 0 0 1 5 1 2.5 
10-14 1 5 1 5 2 5.0 
5- 9 1 5 0 0 1 2.5 
-d* 1 
O
 0 0 0 0 0 0
Total 20 100 20 100 4o 100 
Mean 26.0 27.0 
Range 4l 42 
Median 24.5 29.5 
Sigma 9.70 11.20 
S.E. 2.22 3.35 
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TABLE 12 
SIGNIFICANT DIFFERENCES ON THE A.C.S.-N.S.T.A. COOPERATIVE 
EXAMINATION, ADVANCED (CHEMISTRY ARITHMETIC) BETWEEN THE 
EXPERIMENTAL AND CONTROL GROUPS 





Control 20 26.0 9.70 2.22 
1.0 4.018 .246 
Experimental 20 27.0 11.20 3.35 
was 11.20, for the control group, it was 9.70; with a difference of 
1.50 in favor of the experimental group. The standard error of the 
mean for the experimental group was 3*35; for the control group, it 
was 2.22, with a difference of 1.13 in favor of the experimental group. 
The standard error of the difference between the two means was 4.018. 
The "t" for these data was .246, which was not significant 
because it was less than 2.58 at the one per cent level of confidence. 
Therefore, the difference between the experimental and control groups 
on the chemistry arithmetic component of A.C.S.-N.S.T.A. cooperative 
examination in Chemsitry (Advanced) was not statistically significant. 
Results on the Cooperative Examination in High School Chemistry, 
Form 19631 Advanced (Application of Principle.—The data on the 
application of principle component of the cooperate examination as 
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SCORES 
Figure 6, Frequency Polygon of Scores Obtained on the 
A.C.S.-N.S.T.A. Cooperative Examination 
(Advanced), Chemistry Arithmetic, by the 




revealed, "by the scores obtained from the experimental and control 
groups, as presented in Tables 13 and 14, and Figure 7, pages 70, 
71 and 72 respectively, are found in the separate paragraphs to 
follow. 
Experimental group - The data on the application of principle 
component of the experimental group indicated a range in scores from 
a low of 11 to a high of 55, with a mean score of 31*0, a median of 
29 a standard deviation of 13*6, and a standard error of the mean 
of 2.07. 
Nine or 45 per cent of the students scored above the mean class- 
interval, and four or 20 per cent scored within the mean class- 
interval, and seven or 35 per cent scored below the mean class-interval. 
Control group - The data on the application of principles com¬ 
ponent for the control group indicated a range in scores from a low of 
12 to a high of 57, with a mean score of 32.0, a median score of 30.6, 
a standard deviation of 14.7, and a standard error of the mean of 2*62. 
Eight or 40 per cent of the students scored above the mean class- 
interval, two or 10 per cent scored within the mean class interval and 
ten or 50 per cent scored below the mean class-interval. 
Comparative data and "t" ratio.—As indicated in Table 14, the 
mean score of the experimental group was 31.0, for the control group, 
it was 34.5 with a difference of 3*5 in favor of the control group. 
The median score for the control group was 30.6, for the experimental 
group, it was 29*3 with a difference of 1.3 in favor of the control 
group; the standard deviation for the control group was 14.7 for the 
experimental group, it was 13.6 with a difference of 1.1 in favor of 
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TABLE 13 
DISTRIBUTION OF THE RAW SCORES ON THE A.C.S.-N.S.T.A. 
COOPERATIVE EXAMINATION IN HIGH SCHOOL CHEMISTRY, 
ADVANCED (APPLICATION OF PRINCIPLE) AS OBTAINED 
FROM THE EXPERIMENTAL AND CONTROL GROUPS 
Score 
Control 
Frequency Per Cent 
Experimental 
Frequency Per Cent 
Total 
Frequency Per Cent 
55-59 1 5 1 5 2 5.0 
50-54 1 5 2 10 3 7.5 
45-49 2 10 2 10 4 10.0 
40-44 0 0 1 5 1 2.5 
35-39 3 15 2 10 5 12.5 
30-34 4 20 5 25 9 22.5 
25-29 3 15 2 10 5 17.5 
20-24 3 15 3 15 6 15.0 
15-19 2 10 1 5 3 7.5 
10-14 1 5 1 5 2 5.0 
Total 20 100 20 100 40 100 
Range 45 44 
Mean 32.0 31.0 
Median 30.6 29.30 
Sigma 14.7 13.6 
S. E. 2.62 2.07 
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TABLE l4 
SIGNIFICANT DIFFERENCES ON THE A.C.S.-N.S.T.A. COOPERATIVE 
EXAMINATION IN HIGH SCHOOL CHEMISTRY, ADVANCED (APPLI¬ 
CATION OF PRINCIPLE) BETWEEN THE EXPERIMENTAL AND 
CONTROL GROUPS 
Group Number Mean Sigma 
S.E. 
M ^ " m2 
Sigma 
*L ~ M2 
Control 20 32.0 14.7 2.62 
1.0 2.7 .37 
Experimental 20 31.0 13.6 2.07 
the control group; the standard error of the mean for the control 
group was 2.62, for the experimental group it was 2.07, with a 
difference of .55 in favor of the control group. 
The "t" for these data was .88, which was not significant 
because it was less than 2.58 at the one per cent level of confidence 
Therefore, the difference between the experimental group and control 
group on the application of principle component of the cooperative 
chemistry examination (Advanced) was not statistically significant. 
Resume of findings.—All of the quantitative measures basic 
to the analysis and interpretation of the data presented throughout 
this chapter are summarized in Summary Tables 35 andl6, pages 73 and 
74, with the specific content of each table. These interpretative 
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Figure 7-—Frequency Polygon of Scores Obtained on the 
Cooperative Examination in High School Chemistry, 
Advanced (Application of Principle) by the 




SUMMARY OF DATA DERIVED FROM THE TOTAL SCORES COMPONENT OF THE SCHOOL AND COLLEGE ABILITY 
TEST, FORM 2A, THE A.C.S.-N.S.T.A. COOPERATIVE EXAMINATION IN HIGH SCHOOL CHEMISTRY, 
FORM 1963, THE A.C.S.-N.S.T.A. COOPERATIVE EXAMINATION IN HIGH SCHOOL CHEMISTRY, 
FORM 1963 ADVANCED 
Experimental Control Difference Data 
Components Mean Median Sigma S.E. 
m 






School and College 
Ability Test, 








1963 Advanced 51.0 44.2 17.7 4.07 55.6 43.2 13.7 3.15 4.6 .89 
TABLE 16 
SUMMARY OF DATA DERIVED FROM THE APPLICATION OF PRINCIPLE AND CHEMISTRY ARITHMETIC 
COMPONENT OF THE A.C.S.-N.S.T.A. COOPERATIVE EXAMINATION IN HIGH SCHOOL 
CHEMISTRY, FORM 1963 and I963 ADVANCED 
Experimental Control Difference Data 
Mean Median Sigma S.E. 
m 





of Means "t' 
Form 1963 
Chemistry- 
Arithmetic 32.25 32.0 13-75 3-81 29.25 28.5 16.05 4.75 5-87 4.00 .68 
Form 1963 
Application of 
Principle 33-0 32.0 15.9 3.66 3^.5 29.5 16.65 3-84 2.33 1.52 .64 
Form 1963 Ad¬ 
vanced Chemistry 
Arithmetic 27.0 29.5 11.20 3-35 26.0 24.5 9-70 2.22 4.018 1.0 .246 
Form 1963 Ad¬ 
vanced Application 
of Principle 31.0 29.30 13-6 2.07 32.0 30.6 14.7 2.62 2.7 1.0 • 37 
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summaries of the quantitative data in the consolidated tables were 
derived from the fourteen tables of basic data already presented. 
Summary of findings.—The findings of this study may be summarized 
as follows: (a) differences in general ability, (b) differences in total 
achievement in chemistry, (c) differences in achievement in chemistry 
arithmetic, and (d) differences in achievement in application of 
principles. 
Differences in general ability - With reference to general 
ability of the two groups there was found to be no statistically sig¬ 
nificant difference. The "t" index was found to be 1.05• 
Differences in total achievement in chemistry - The "t" value 
on the Cooperative Examination in Chemistry, Form 1963 was found to 
be 1.30. The "t" value on the Cooperative Examination in Chemistry, 
Form I963 Advanced was found to be .89. There was no significant 
differences found in total achievement in ehemistry between the ex¬ 
perimental and control groups. 
Differences in achievement in chemistry arithmetic - The "t" 
value on the cooperative Examination in Chemistry, Form 1963, Chemistry 
Arithmetic was found to be .68. The "t” value on the Cooperative 
Examination in Chemistry, Form 1963 Advanced was found to be .246. 
There was no significant difference found in achievement in chemistry 
arithmetic between the experimental and control groups. 
Differences in achievement in application of principle - The 
"t" value on the Cooperative Examination in Chemistry Form 1963* AP- 
plication of Principle was found to be .64. The wt” value on the 
Cooperative Examination in Chemistry Form 1963, Advanced was found to 
be .37. There was no significant difference found in achievement in 
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achievement in application of principle between the ejfperimental and 
control groups. 
CHAPTER IV 
SUMMARY AM) CONCLUSIONS 
Summary of basic findings.—The summary of basic findings of 
this study of the comparison between twenty students using the CHEM- 
Study experiments and twenty using the conventional laboratory 
exercises is presented below under the appropriate data captions as 
follows : 
1. Data on educational achievement as measured by the 
School and College Ability Test. 
2. Data on achievement in chemistry as measured by the 
A.C.S.-N.S.T.A. Cooperative Examination in High School 
Chemistry, Form 1963 and 1963 Advanced. 
School and College Ability Test - Total Scores 
With reference to performance in general ability, the following 
measures were obtained: For the control group, a mean score of 65.0, 
a median score of 62.0, a standard deviation of 20.6, and a standard 
error of the mean of 4.72; whereas, for the experimental group a mean 
score of 75*0, a median score of 79*5> a standard deviation of 20.6, 
and a standard error of the mean of 4.72. The two groups showed a 
difference in the mean score of 10.0, with a standard error of the dif¬ 
ference between the mean scores of 6.6, with a resultant "t" of 1.05 
which was not significant. 
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A.C.S.-N.S.T.A. Cooperative Examination in High School 
Chemistry. Form 1963 
(Total Scores) 
With reference to performance in general chemistry achievement 
the following measures were obtained: For the control group, a mean 
score of 52.5, a median score of 45.6, a standard deviation of 18.9, 
a standard error of the mean of 4.33; whereas for the experimental 
group a mean score of 60.5, a median of 59-5, a standard deviation of 
19.6, a standard error of the mean of 4.4l. The two groups showed a 
difference in the mean of 8.0, with a standard error of the difference 
between the mean of 6.18, with a resultant "t" of I.30 which was not 
significant. 
A.C.S.-N.S.T.A. Cooperative Examination in Chemistry, 
Form 1963 (Chemistry Arithmetic) 
With reference to performance in problem solving, the following 
measures were obtained: For the control group, the mean score was 
29.25, the median was 28.5, the standard deviation was 16.05, the 
standard error of the mean was 4.75; whereas, for the experimental 
group a mean score of 32.25, a median of 32.0, a standard deviation of 
13*75, a standard error of the mean of 3*81. The two groups showed 
a difference in the mean of 3*0, with a standard error of the difference 
between the mean of 5*87, with a resultant "t" of .68 which was not 
significant. 
A.C.S.-N.S.T A. Cooperative Examination in Chemistry, 
Form I963 (Application of Principles) 
With reference to application of principles, the following 
measures were obtained: For the control group, a mean of 34.5^ a median 
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of 29.5) a standard deviation of 16.65 and a standard error of the mean 
of 3.84; whereas, for the experimental group, a mean score of 33.0, a 
median of 32.0, a standard deviation of 15*9, and a standard error of 
the mean of 3*86. The two groups showed a difference in the mean of 
1.5, with a standard error of the difference between the mean of 2.33, 
with a resultant Mt" of .64 which was not significant. 
A.C.S.-N.S.T.A. Cooperative Examination in High School 
Chemistry, Form I963 (Advanced, Chemistry Arithmetic) 
With reference to problem solving in chemistry, the following 
measures were obtained: For the control group, a mean score of 26.0, 
a median of 24.5, a standard deviation of 9-70, a standard error of 
the mean of 2.22; whereas, for the experimental group, a mean of 27.0, 
a median of 29*5, a standard deviation of 11.20, and a standard error 
of the mean of 3*35* The two groups showed a difference between the 
mean of 1.0, with a standard error of the difference between the mean 
of 4.018, with a reluctant "t" of .246 which was not significant. 
With reference to performance in general chemistry, the following 
measures were obtained: For the control group, a mean score of 55*6, a 
median of 43-2, a standard deviation of 3*7, and a standard error of 
the mean of 3*15; whereas, for the experimental group, a mean score 
of 51.0, a median of 44.2, a standard deviation of 17-7, a standard 
error of the mean of 4.07. The two groups showed a difference in the 
mean score of 4.6, with a standard error of the difference between the 
mean score of 5*15 with a resultant "t" of .89 which was not significant. 
(Advanced, Total ScoresJ 
80 
A.C.S.-N.S.T.A. Cooperative Examination in High School 
Chemistry, Form 1963 (Advanced, Application of 
Principles) 
With reference to application of principles, the following 
measures were obtained.: For the control group, a mean of 32.0, a 
median of 30.6, a standard deviation of Ik.7, and a standard error of 
the mean score of 2.62; whereas, for the experimental group, a mean of 
31.0, a median of 2$.3, a standard deviation of 13*6, and a standard 
error of the mean of 2.07. The two groups showed a difference between 
the mean of 1.0, with a standard error of the difference between the 
mean of 2.7, with a resultant "t" of .37 which was not significant. 
Conclusions.—The findings of this study appear to warrant the 
following conclusions: 
1. The Experimental and Control groups possessed similar 
mental ability as far as total mental factors are 
concerned. 
2. The group utilizing the open-ended experiments in their 
laboratory work in chemistry did equally as well in the 
area of Chemistry Arithmetic as the students who used 
the conventional laboratory exercises. 
3. The group utilizing the open-ended experiments in their 
laboratory work in chemistry did equally as well in the 
area of Application of Principles as the students using 
the conventional laboratory exercises. 
Implications.—The findings of this study warrant that certain 
implications be drawn. These implications are presented in the fol¬ 
lowing statements. 
Each student selected for this particular study had similar 
academic backgrounds. Each had completed a course in Algebra I and II, 
B.S.C.S. biology (yellow version), trigonometry, and one semester of 
PSSC of physics. Because of the similarities of the two groups much of 
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the data obtained was not significant. 
Insofar as teaching chemistry by the open-ended and conventional 
methods was concerned, there was no difference according to test scores. 
The performance of students in both groups on the chemistry tests in¬ 
dicated that achievement did not differ when taught by both methods. 
A lack of experience in taking standardized tests may have had 
an effect upon student's tests performance. 
Experiments should be provided which calls for the use of related 
materials and handbooks. The purpose of an experiments indicate the 
need for this type activity. Library activity is a phase of both basic 
and industrial research. Adequate library facilities should be pro¬ 
vided in the classroom. 
Each major unit, insofar as possible, should include a variety 
of experiments. Both fundamental required experiments and a number of 
advanced types should be provided. In the laboratory students should 
get firsthand experience with materials to be used in answering a vital 
question or solving a problem. 
Powers of observation should be developed and employed. Purpose¬ 
ful activity, not merely "seeing," should be the goal. The situation 
should stress the "how" and "why" rather than the "what" approach. 
From this particular research, I gathered that the keynote is alert 
curiosity, scientific awareness and interpretation. The observations 
made should be an honest record which does not reflect the textbook 
content on what is reputedly "right." For example, a student who tests 
the odor of oxygen from potassium chlorate and reports it odorless, 
defeats the purpose of scientific investigation. 
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Recommendations.—A careful analysis and interpretation of the 
data treated in this study appear to warrant the following: 
1. An investigation similar in nature where more than one 
teacher in more than one school participates. 
2. A review and possible revision of some of the CHEM-Study 
experiments, tailoring them to better fit into the time 
of the laboratory period. 
3- An investigation be undertaken to determine if differences 
in the preparation in science and mathematics affect the 
effectiveness of chemistry experiments. 
4. An investigation be undertaken to determine if pupils’ 
selection of experiments they perform affect the 
effectiveness of chemistry achievement. 
5. Science teachers should use many methods in the classroom 
in order to effectuate more proficient teaching. This can 
be done because different methods did not seem to cause 
any difference in the achievement of students. 
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General Directions 
This is a test of some of the skills you have been learning'ever since you first entered 
school. You should take it in the same way that you would work on any other new 
and interesting assignment. 
The test is divided into four parts, which you will take one at a time. Give each 
one your close attention and do your best on every question. You probably will 
find some of the questions quite easy and others more difficult. You are not expected 
to answer every question correctly. 
There are a few general rules for taking this test that will help you to earn your 
best score: 
• Work carefully, but do not spend too much time on any one question. It usually 
is better to answer first all of the questions in the part that you know well and 
can answer quickly. Then go back to the questions that you want to think 
about. 
• If you work at average speed you will have plenty of time to read and answer 
all of the questions. By leaving until last the questions that are most difficult, 
you will make best use of your time. 
• You may answer questions even when you are not perfectly sure that your an¬ 
swers are correct. Your score will be the number of correct answers you mark. 
• Put all of your answers on the answer sheet. This test booklet should not be 
marked in any way. Your examiner will give you an extra sheet of scratch paper 
to use when you do the number problems. 
• Fill in all the information called for on the answer sheet and PRINT your name 
so that it can be read. 
• Make sure that you understand instructions before you start work on any part. 
Ask the examiner to repeat the instructions if you do not understand exactly what 
you are to do. 
• Make your answer marks on the answer sheet heavy and black. If you change 
your mind about an answer, be sure to erase your first mark completely. 
If you give this test your best effort, your score will provide a good estimate of 
your ability in these important skills. 
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DIRECTIONS FOR PART I 
Each question in Part I consists of a sentence in which 
one word is missing; a blank indicates where the word 
has been removed from the sentence. Beneath each 
sentence are five words, one of which is the missing 
word. You are to select the missing word by deciding 
which one of the five words best fits in with the mean¬ 
ing of the sentence. 
Sample Question 
We had worked hard all day so that by evening we 
were quite ( ). 
A small B tired C old 
D untrained E intelligent 
If you understand the sample sentence you will realize 
that “tired” is the missing word because none of the 
other words fits in with the meaning of the sentence. 
Next, on the answer sheet, you find the line numbered 
the same as the question and blacken the space which 
has the same letter as the missing word. Because 
“tired” is the correct word to use in the sample sen¬ 
tence, and its letter is B, the space marked B on the 
answer sheet is blackened. See how it has been 
marked on the answer sheet. Do not make any marks 
in your test booklet. 
Do not turn this page until you are told to do so. 
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PART I / TIME: 15 MINUTES 
1 Dick apparently had little ( ) in his own 
ideas for he desperately feared being laughed at. 
A interest B depth C confidence 
D difficulty E continuity 
2 No money should be wasted on luxuries until all 
( ) have been provided for. 
F assets G opportunities H resources 
J proceeds K necessities 
3 France is still, if not the only country in the world 
where ( ) is an art, at least the only one 
where the dressmaker and the milliner are artists. 
A democracy B behavior C society 
D dress E conversation 
4 The ( ) of the animals was astounding; they 
would sit unmoving as we walked about and took 
their pictures. 
F stupidity G tameness H grace 
J shyness K photography 
5 He told the story apparently with indifference, yet 
with ( ) enough to fix the words in his hear¬ 
ers’ memory. 
A jurisdiction B literacy C emphasis 
D insights E ecstasy 
6 Down with them all! I am taking my ( 
for all the humiliation I endured in my youth. 
F revenge G punishment H reward 
J time K opportunity 
7 At sea he was an amateur, not an expert, and 
thus for the first time became an ( ) in¬ 
stead of a man of action. 
A authority B instigator C onlooker 
D outcast E inspiration 
8 Science, art, literature, philosophy, and religion 
are the institutions that ( ) great civiliza¬ 
tions from mere groups of villages. 
F regulate G extricate H distinguish 
J release K save 
9 As often happens to those in a bad humor, it 
seemed to him that everyone regarded him with 
( ) and that he was in everybody’s way. 
A aversion B curiosity C respect 
D understanding E fear 
10 People in temperate climates, faced with many 
( ), gain resources within themselves which 
eventually lead to a greater prosperity than that 
possessed by people where living conditions are 
easier. 
F obstacles G directions H advantages 
J possibilities K experiences 
11 He was fired from a job sorting oranges because 
he was not able to ( ) well enough. 
A produce B sample C walk 
D discriminate E dye 
1 2 During the course of the trial he exhausted every 
form of ( ) in an attempt to prove his in¬ 
nocence. 
F camouflage G intrigue H appeal 
J credit K insistence 
13 To make you understand my point I must go 
back a bit and seem to change the subject, but 
the ( ) will soon be plain. 
A correction B effect C origin 
t) controversy E connection 
14 In pace, the industrial revolution has been not a 
revolution at all but a ( ) change, depend¬ 
ent on the energy and ingenuity of individuals 
and limited by the scarcity of men possessing 
these qualities. 
F gradual G sudden H deliberate 
J doubtful K ‘debatable 
«« • 
1 5 The shortage of wage labor in the farming dis¬ 
tricts ( ) the invention of labor-saving de¬ 
vices. 
A delayed B threatened C determined 
D quickened E characterized 
16 You deplore heresy only if you accept an ortho¬ 
doxy; you talk of damnation only if you believe 
in the possibility of ( ). 
F recantation G salvation H heresy 
J perfection K error 
1 7 Because of the system of growing crops until the 
land was ( ), cotton culture was ever on 
the move in quest of fresh and fertile soils. 
A exhausted B cleared C reclaimed 
D improved E satiated 
1 8 The paper currency did not depreciate to a great 
degree, but it tended to ( ) with the suc¬ 
cess or failure of allied armies and with the con¬ 
ditions of the crops and trade. 
F balance G diminish H circulate 
J stabilize K fluctuate 
Go on to the next page. 
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19 Himself a man who had vainly striven against 
( ), he readily accepted the dollar sign as 
the hallmark of success. 
A graft B materialism C suppression 
D defeat E poverty 
20 To be dependent upon them would embitter my 
whole life; I should feel begging to be far less 
( >• 
F criminal G degrading H restricting 
J mistaken K crucial 
21 Even when the profession is fairly lucrative, its 
gains are ( ) by the fact that the work must 
all be done by the practitioner’s own hand. 
A obscured B exaggerated C increased 
D developed E limited 
22 The early Puritans sought to fortify themselves 
against ( ) by acquiring the habit of self- 
denial. 
F generosity G temptation H happiness 
J life K persecution 
23 Consumption of protein declines in periods of eco¬ 
nomic stress because it is the most ( ) of all 
essential food elements. 
A desirable B nutritious C concentrated 
D stable E expensive 
24 They could tell from the dark funnel-shaped cloud 
coming their way that a tornado was probably 
( )• 
F present G crucial H normal 
J over K imminent 
25 The diplomatic remonstrance was so ( ) 
that it was almost equivalent to a declaration of 
war. 
A well-worded B astute C strong 
D intentional E clever 
26 When the ( ) of universal suffrage based on 
universal ignorance was perceived, education was 
given a new significance. 
F equality G danger H loss 
J usefulness K success 
27 The art of reading comes without undue pains to 
a great many of us, but it is a gift which is cer¬ 
tainly not ( ). 
A exclusive B profitable c appreciated 
D universal E refused 
28 Assuming that most writing problems are within 
the scope of the sentence, the author concentrated 
on the ( ) as the focal point of his freshman 
English textbook. 
F paragraph G theme H sentence 
J topic K grammar 
29 The ( ) of living, the arrangement of the 
day so that he might be on time everywhere and 
leave no detail unattended, absorbed the greater 
part of his vital energy. 
A necessity B adventure C awareness 
D exhaustion E mechanics 
30 I n trying to build up a new style of design in op¬ 
position to the technical potentialities of the cen¬ 
tury, he was just as much an ( ) as the 
architect who disguises a modern town hall as a 
Greek temple. 
F explorer G atheist H introvert 
J escapist K optimist 
Stop. If you finish before time is called, 
check your work on this part. Do not go 
on to Part II until you are told to do so. 
DIRECTIONS FOR PART II 
There are 25 problems in Part II of the test. Following 
each problem there are five suggested answers. Work 
each problem in your head or on a piece of scratch 
paper. Then look at the five suggested answers and de¬ 
cide which one is correct. Blacken the space under its 
letter on the answer sheet. 
Because the correct answer to the sample problem is 
586, which is lettered F, the space marked F on the 
answer sheet is blackened. See how it has been marked 





G 596 H 696 












E None of these 






3 3. J 5 
7 
+ 5o 
A 3 M 7 
R JL B 15 
C — 
D 42. u 15 







K None of these 







6 15 days 10 hours 
• — 7 days 11 hours 
G T 
F 7 days 
G 7 days 9 hours 
H 7 days 23 hours 
J 8 days 1 hour 
K 8 days 23 hours 
7 9 7 




E None of these 
















K None of these 





E None of these 
12 7 feet -r- 2 feet 4 inches 
F 2* 























E None of these 
16 l± + 3* 
F TT 
G 244 v» ^12 
H3À 
J 4i 
K None of these 





E None of these 













Go on to the next page. 
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K None of these 







22 2^3 hrs. 15 mins. 12 secs. 
F 1 hour 37 minutes 36 seconds 
G 1 hour 37 minutes 56 seconds 
H 1 hour 57 minutes 36 seconds 
J 1 hour 57 minutes 56 seconds 
K None of these 






25 What is the sum of .375 and y, in 
fractional form? 
E None of these 





E none of these 
Stop. If you finish before time is called, 
check your work on this part. Do not go 
back to the previous part. Do not go 
on to Part III until you are told to do so. 
DIRECTIONS FOR PART III 
Each of the questions in Part III consists of one word in 
large letters followed by five words or phrases in small 
letters. Read the word in large letters. Then pick, 
from the words or phrases following it, the one whose 




A tired B nice C dry 
D cold E sunny 
In order to find the correct answer you look at the word 
chilly and then look for a word or phrase below it 
that has the same or almost the same meaning. When 
you do this you see that “cold” is the answer because 
“cold” is closest in meaning to the word “chilly.” Next, 
on the answer sheet you find the line numbered the 
same as the question and blacken the space which has 
the same letter as the word you have selected as the 
correct one. Because “cold” is the correct answer to 
the sample question, the space marked D on the an¬ 
swer sheet is blackened. See how it has been marked 
on the answer sheet. Do not make any mark in your 
test booklet. 
Do not turn this page until you are told to do so. 
Page 6 
PART III / TIME: 10 MINUTES 
1 rehearse 8 reverent 
A practice • F dreamy 
B perfect G peaceful 
C try out H pleasant 
D remain J old 
E mourn K respectful 
2 mariner 9 catastrophe 
F ship A celebration 
G storyteller B charity 
H sailor C termination 
J dock D calamity 
K pirate E prophecy 
3 custody 10 blemish 
A janitor F redden 
B schoolhouse G snub 
C inspection H mar 
y D presence of mind J defame 
E safekeeping K squander 
4 retrieve 11 tart 
F get back A deep 
G delay punishment B yellowish-red 
H reunite C mild 
J shore up D delicious 
K support with evidence E sour 
5 reluctant 12 reverberate 
A shining F resound 
B unwilling G rephrase 
C headstrong H renew 
D indifferent J fade 
E slow-moving K contradict 
6 imply 13 casual 
F insert A uncertain 
G hint at B offhand 
H agree to C quiet 
J wheedle D rude 
K simplify E sly 
7 ramble 14 balk 
A stagger F come to one’s senses 
B speak indistinctly G bring under control 
C entangle H follow after 
D wander about J stop up an opening 
E mix up K refuse to move 
» 
15 grit 
A hard particles 


















G having many parts 
H dispirited 
J contentious 














A favorite activity 
B assembly 
C cause of anger 
D calling back to mind 
E reversal 
Go on to the next page. 
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22 sedate 25 diplomacy 28 allot 
F asleep A guile F permit 
G dignified B graduation G increase 
H seated C secrecy H assign 
J old-fashioned D tact J spend 
K frail E arbitration K seclude 
23 zealous 26 reprimand 29 mollify 
A' enthusiastic F demand repeatedly A identify 
B religious G send back B pamper 
C conscientious H refer to higher authority C accommodate 
D uncontrollable J rebuke D revise 
E suspicious K recall by contrary order E appease 
24 acclaim 27 orb 30 pecuniary 
F flaunt A scepter F miserly 
G indemnify B sphere G destitute 
H applaud C dome H monetary 
J denounce D track J frequent 
K elect E spur K unusual 
Stop. If you finish before time is called, 
check your work on this part. Do not 
go back to either previous part. Do not go 
on to Part IV until you are told to do so. 
DIRECTIONS FOR PART IV 
Because the correct answer to the sample problem is 8, 
which is lettered H, the space marked H on the answer 
sheet is blackened. See how it has been marked on the 
answer sheet. 
Do not make any marks in your test booklet. 
Sample Problem 
Four $ 10-bills are equal to how many $5-bills? 
F 20 G 10 H 8 
J 40 K 2 
There are 25 problems in Part IV of the test. Fol¬ 
lowing each problem there are five suggested answers. 
Work each problem in your head or on a piece of 
scratch paper. Then look at the five suggested answers 
and decide which one is correct. Blacken the space un¬ 
der its letter on the answer sheet. 
Do not turn this page until you are told to do so. 
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PART IV / TIME: 25 MINUTES 
1 A basketball team scored 14 points in the^rst 
quarter, 16 points in the second, 24 points in the 
third, and 14 points in the fourth. If they won 







2 A woman weighed 125 pounds. After she had 
gained 4^ pounds, lost 6 pounds, and gained 2% 






3 How much more do 800 three-cent stamps cost 






4 There are 6 loaves of bread for 30 people. If each 







5 A boy saves $1.25 per week. How many weeks 






6 What is the cost of 10 pencils selling at 2 for 
a nickel? 
F 20 cents 
G 25 cents 
H 40 cents 
J 50 cents 
K $1.00 
7 If a girl knits half a scarf in 2^ hours, how many 






8 An organization contributed $3178 for shoes for 
orphaned children. At $3.50 per pair, how many 






9 After Bob runs 45 yards north and Bill runs 25 
yards south from the same starting point, how far 
apart will they be? 
A 20 yards 
B 60 yards 
C 70 yards 
D 75 yards 
E 80 yards 
10A man bought 3 books for $ 1.50 each and 2 books 
for $1.00 each. What was the average price per 






1 1 How much will you have to pay for an article 






1 2 What fraction of 5 gallons is 3 quarts? 






Go on to the next page. 






14 A man gets 20 miles per gallon with grade X gaso¬ 
line, which costs 25 cents per gallon; he gets 25 
miles per gallon with grade Y, which costs 30 cents 
per gallon. How much does he save on a 1000- 
mile trip by using grade Y instead of grade X? 
F 33 cents ? 
G 40 cents 
H45 cents 
J 50 cents 
K 55 cents 









Brown 11 10 10 2 
Jones 15 8 12 1 V* 
Ryan 11 12 7 7 V' 
Smith 2 5 7 25 l1 
White 12 14 8 1 £ 
Note: 10% of the students in the school did not vote. 
Problems 15 through 17 are to be answered on the basis of the 
figures given in the table above. 






1 6 What per cent of the votes did Brown get (to the 













1 8 During her second year of work a girl earned f as 
much as she did her first year. If she earned $3600 







19 It cost $3.60 for 2 adults and their child to attend 
the circus. If a child’s ticket is half the price of 







20 At one time the average rate of exchange of the 
French franc was 50 francs for one U. S. dollar, 
and the British pound sterling was valued at 
$4.00. If a suit cost 3600 francs, how many 






21 What is the area (in square feet) of a rectangular 
garden which is twice as long as it is wide, if the 






22 A man sold a piece of land for $1500. If his profit 




H $ 1000 
J $1200 
K$1250 
23 How many cubic inches are there in one cubic 






Go on to the next page. 
24 The 90 members of a certain organization con¬ 
tributed an average of 60 cents each toward a 
fund. If 2 of the members contributed $5 each, 
how many cents (to the nearest cent) was the aver¬ 






25 A part-time worker earns 3 times as much in 
December as in each of the other months. What 









If you finish before time is called, 
check your work on this part. Do 
not go back to any previous part. 
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DIRECTIONS: Each item consists of a stem to which one response is correct among the several numbered 
choices given. For each item, blacken the space on your answer sheet that has the same number as that of 
the response you have selected as the correct answer. 
Whenever possible, arrive at your own answer to a question before looking at the responses. Otherwise you 
may be misled by plausible incorrect responses. 
Sample Question: Sample Answer Sheet: 
>f what is water composed? 1 2 2 4 15 
_ ioi i: :: | :: 
’ (1) Hydrogen and nitrogen 
(2) Carbon monoxide and hydrogen 
(3) Hydrogen and oxygen 
(4) Sulfur and phosphorus 
l (5) Nitrogen and oxygen 
(The correct answer is response (3), "Hydrogen and oxygen." Answer space 3, therefore, has been marked 
on the sample answer sheet. ) 
PART I 
(40 minutes ) 







2. Which class of compounds would give only 






(5) Basic oxides 
3. A molecule is said to be polar if it 
(1) has a north and south pole. 
(2) has a symmetrical electron 
distribution. 
(3) exhibits a polar spin under certain 
conditions. 
(4) may exhibit a positive or negative 
charge. 
(5) exhibits a partial positive charge at 
one end and a partial negative charge 
at the other. 
4. In the reaction represented by 
Mn02 + 4 HC1 — MnCl2 + 2^0 + Cl2 
the oxidation number of manganese has 
(1) decreased from 0 to -2. 
(2) decreased from +4 to +2. 
(3) remained the same. 
(4) increased from +1 to +2. 
(5) increased from -2 to +4. 
5. When an atom of a metal becomes an ion 
( 1 ) it is reduced. 
(2) it gains protons. 
(3) it gains electrons. 
(4) the ionic radius becomes less than 
the atomic radius. 
(5) the ionic radius becomes greater 
than the atomic radius. 
6. Ethylbenzene, C,H-C H , and dimethyl 
b b 2 b 
benzene, C.HTCHl, are examples of 
b 4 3 2 
( 1 ) isomers . 
(2) isotopes. 
(3) allotropes. 
(4) homogeneous mixtures. 
(5) heterogeneous mixtures. 
Go on to the next page. 
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7. Each atom of any of the elements in Group 
IA has one electron in its outermost shell. 
The element in which the electron is held 
least securely is 
(1) the strongest reducing agent. 
(2) the smallest in diameter. 
(3) the strongest electron acceptor. 
(4) the least active of the group. 
(5) located in the middle of the group. 
8. The number of neutrons in the nucleus of 
9 







9. As acetic acid is slowly added to a solution 
of ammonium hydroxide, the conductivity 
increases because 
(1) a soluble compound is formed. 
(2) acetic acid dissociates readily. 
(3) the pH of the solution is changed. 
(4) the ion concentration increases. 
(5) neutralization is an exothermic 
reaction. 
10. If two isotopes of a certain element are 
known, it follows that the atoms of that 
element 
(1) are radioactive. 
(2) differ chemically from each other. 
(3) have different numbers of protons 
in their nuclei. 
(4) have different numbers of neutrons 
in their nuclei. 
(5) have different numbers of electrons 
surrounding their nuclei. 
11. The density of oxygen at STP may be 
obtained from 
16 grams 
22. 4 liters 
. . 22.4 grams 
16 liters 
32 grams 
' ; 22. 4 liters 
22.4 grams 
' ’ 32 liters 
,r % 22.4 grams 
( ' 11.2 liters 
12. Twenty milliliters of chlorine gas and fifty 
milliliters of hydrogen gas were mixed at 
STP and reacted. When the products were 
returned to STP, the amount of unreacted 
gas was 
(1) 10 milliliters. 
(2) 20 milliliters . 
(3) 25 milliliters. 
(4) 30 milliliters. 
(5) 50 milliliters. 
13. Which of these has a zero rest mass? 
(1) Alpha particle 
(2) Proton 
(3) Neutron 
(4) Beta ray 
(5) Gamma ray 
14. The nucleus of an isotope of tin, Sn^^, 
5 0 
contains 
( 1 ) 50 neutrons. 
(2) 50 protons. 
(3) 66 electrons. 
(4) 116 protons. 
(5) 166 total of protons plus neutrons. 
15. A vessel contains 2.50 moles of oxygen gas, 
0. 50 mole of nitrogen gas, and 1.00 mole 
of carbon dioxide gas. The total pressure 
is 2.00 atmospheres. The partial pressure 
exerted by the oxygen in the mixture is 
(1) 1.25 atmospheres. 
(2) 1.50 atmospheres . 
(3) 1.66 atmospheres. 
(4) 2.00 atmospheres . 
(5) 2.50 atmospheres . 
16. If one mole of an acid neutralizes two 
moles of a base, then 
(1) the acid is twice as concentrated 
as the base. 
(2) the base is twice as concentrated 
as the acid. 
(3) one mole of acid supplies one-half 
mole of hydrogen ions. 
(4) one mole of acid supplies one mole 
of hydrogen ions. 
(5) one mole of acid supplies two moles 
of hydrogen ions. 
Go on to the next page. 
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17. A quantity of dry gas measures 254 milli¬ 
liters at 27°C. When the temperature 

















1 \ OC/1 
256 
W J D *± x 273 
milliliters. 
22. The most active nonmetal in the period (row) 






23. Forty grams of helium at STP has a volume 
of 
( 1 ) 11.2 liters . 
(2) 22.4 liters. 
(3) 112 liters. 
(4) 224 liters. 
(5) 448 liters. 
24. The oxidation number of cobalt in 
Co(NH )/Cl is 
18. In liquid water the strongest bonds between 
water molecules are 
(1) ionic bonds. 
(2) covalent bonds. 
(3) hydrogen bonds. 
(4) van der Waals bonds. 






25. In a titration of H^SO^ with 5. 0 N NaOH, 
38 milliliters of the base was used to 
Use the following portion of the Periodic Table 
to answer Questions 19 - 22. 
H He 
Li Be B C N O F Ne 
Na Mg A1 Si P s Cl Ar 
19. The element requiring the least amount of 







neutralize 95 milliliters of the acid. The 





5. 0 N X 38 ml 
95 ml 
5. 0 N X 95 ml 
38 ml 
95 ml 
5. 0 N X 38 ml 
38 ml X 95 ml 
5. 0 N 
5. 0 N X 38 ml 
20. One mole of which element will replace the 
greatest weight of hydrogen from dilute 
hydrochloric acid? 





21. The element whose atom shows the greatest 






26. Which of these gases measured under the 
same conditions of pressure and tempera 






Go on to the next page. 
-4- 
27. The characteristic of a compound that is 
closely related to its heat of formation 
is its 




(5) boiling point. 
28. Sulfur dioxide gas and oxygen gas react in 
a closed system and form sulfur trioxide 
gas. The reaction is represented by the 
equation, 
2 SO^ + O 2 SO^ + 44 kilocalories. 
The concentration of sulfur trioxide may 
be increased by 
(1) decreasing the pressure of the 
system at constant temperature. 
(2) increasing the pressure of the 
system at constant temperature. 
(3) decreasing the concentration of 
oxygen. 
(4) increasing the temperature of the 
system at constant pressure. 
(5) decreasing the concentration of 
sulfur dioxide. 
29. The gaseous molecules which have the 







30. A sample of a compound contains 54.5 grams 
of carbon, 9. 1 grams of hydrogen, and 
36.4 grams of oxygen. The simplest 












31. The compound not properly named is 
(1) Fe2°3’ 
iron (III) oxide. 
(2) Pb 3°4’ 
trilead tetraoxide. 
(3) CuCl2, copper (II) chloride. 
(4) Pb3(PO^)2> lead (III) phosphate. 
(5) P2S5’ 
diphosphorus pentasulfide 
32. The general formula representing a 
ketone is 
(1) R — OH 
(2) R-CsN 
(3) R —O —R 
O 
(4) R —C —R 
O 
II 
(5) R —C —H 







34. Copper oxide (CuO) reacts with hydrogen 
(H2)and produces copper (Cu) and water 
(H20). HOW many moles of water can 
240 grams of CuO produce? 
( 1 ) 1 mole 
(2) 6 moles 
(3) 3 moles 
(4) 18 moles 
(5) 54 moles 
35. What weight of solid sodium hydroxide is 
required to prepare 2.00 liters of a 
3.00 molar solution? 
( 1 ) 40 grams 
(2 ) 8 0 grams 
(3) 240 grams 
(4) 480 grams 
(5) 667 grams 
Go on to the next page. 
-5- 
36. The number of molecules present in 22.0 
grams of carbon dioxide at STP is 
(1) 2. 01 X io
12 
(2) 6.03 X io
12 
(3) 2. 06 X io
22 
(4) 3.01 X 
23 
10 
(5) 6. 02 X io
23 
37. In order for two electrons to occupy the 
same orbital they must 
(1) have opposite spins. 
(2) be oppositely charged. 
(3) enter the orbital simultaneously. 
(4) have the same spin value. 
(5) remain at constant distance from 
the center of the mass. 
38. When a concentrated solution of NaCl in 
water is electrolyzed by a direct current 
using platinum electrodes, the products are 
(1) H2, Cl2> and NaOH. 
(2) C120, H2> and Na. 
(3) C>2, Cl2> and Na. 
(4) H , HC1, and NaOH. 
(5) H2, 02> Cl2> and Na. 
39. The density of a gas at 27 °C and standard 
pressure is 
(1) greater than at STP. 
(2) the same as at STP. 
(3) less than at STP. 
(4) greater than at standard pressure 
and 273°K. 
(5) less than at 310°K and standard 
pressure. 
40. In the reaction, P O + 6H O —*• 4 H PO , 
4 10 2 34 
the part played by the oxide of phosphorus 
is that of 
( 1 ) a catalyst. 
(2) a reducing agent. 
(3) a basic anhydride. 
(4) an oxidizing agent. 
(5) an acid anhydride. 
41. A crystal of sodium chloride when added to 
a solution of sodium chloride that is in 
equilibrium with excess solid sodium 
chloride will 
(1) dissolve in the solution. 
(2) form a supersaturated solution. 
(3) react with the water in the solution. 
(4) cause additional sodium chloride 
crystals to separate from the solution. 
(5) cause no visible change in the 
solution. 
42. Assuming complete ionization, the pH of a 






43. The boiling point of a one molal solution of 
a nonvolatile, nonelectrolyte is 100.52°C. 
The boiling point of a solution containing 
90 grams of a nonvolatile, nonionizing 
compound dissolved in 1000 grams of water 
was found to be 100.78°C. The approximate 






44. The same quantity of electricity is passed 
through a one molar solution of HC1 and a 
one molar solution of H„SO,. The weight 
of hydrogen evolved from the H2SO as 
compared to that from the HC1 is 
(1) the same. 
(2) twice as much. 
(3) one-half as much. 
(4) dependent on the temperature. 
(5) dependent on the concentration. 
45. The approximate number of molecules of 
hydrogen in 1.00 liter of H2 gas at STP is 
(1) 1. 35 X io
22 
(2) 3. 01 X io
23 
(3) 6.02 X io
23 
(4) 2. 69 X 
22 
10 
(5) 5. 38 X 
22 
10 
End of Part I. 
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DIRECTIONS: Each item consists of a stem to which one response is correct among the several numbered 
choices given. For each item, blacken the space on your answer sheet that has the same number as that of 
the response you have selected as the correct answer. 
Whenever possible, arrive at your own answer to a question before looking at the responses. Otherwise you 
may be misled by plausible incorrect responses. 
Sample Question: Sample Answer Sheet: 
101.— Of what is water composed? 
Hydrogen and nitrogen 
Carbon monoxide and hydrogen 
Hydrogen and oxygen 
Sulfur and phosphorus 
Nitrogen and oxygen 
1234s 
ioi ;; II I ;; 
(The correct answer is response (3), "Hydrogen and oxygen." Answer space 3, therefore, has been marked 
on the sample answer sheet. ) 
PART II 
(40 minutes ) 
46. A certain element designated as "Y" has an 
oxidation number of -3 and another element 
designated as "X" has an oxidation number 
of +2. The correct formula for a chemical 







47. If the table of atomic weights were estab¬ 
lished with the oxygen atom assigned the 
value of 100, then the atomic weight of a 
carbon atom would be approximately 
(1) 12. 0 
(2) 24. 0 
(3) 37. 5 
(4) 75. 0 
(5) 112. 0 
48. The total number of atoms represented 






49. All of the oxygen is removed from a 
sample of NaClC>3 by heating. The best 
solvent for the residue is 
(1) water. 
(2 ) aqua r egia. 
(3) nitric acid. 
(4) carbon disulfide. 
(5) carbon tetrachloride. 
50. A particle containing 5 protons, 4 electrons, 
and 6 neutrons weighs approximately as 
much as 
( 1 ) 10 protons. 
(2) 11 neutrons. 
(3) 15 neutrons. 
(4) 4 electrons. 
(5) 5 protons. 
Go on to the next page. 
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51. Zn, Fe and Cu are listed in order of 
decreasing reactivity. Which statement 
is correct? 
(1) Cu displaces both Znw and FeH. 
(2) Zn displaces Cu** but not Fe**. 
(3) Fe displaces Zn** but not Cu**. 
(4) Cu displaces neither Zn** nor Fe**. 
(5) Zn displaces neither Cu** nor Fe**. 
52. The number of neutrons in an atom of an 
element is 
(1) the same in each isotope. 
(2) the same as the atomic number. 
(3) equal to the number of electrons. 
(4) equal to the number of protons in 
the nucleus. 
(5) equal to the difference between the 
mass number and the atomic number. 
53. In BaCl^ • 2 H^O the water is 
(1) absorbed from the air. 
(2) in ionization equilibrium. 
(3) mechanically held in the crystal. 
(4) referred to as water of 
crystallization. 
(5) referred to as water of ionization. 
54. The number of equivalent weights of solute 





(5) weight - percentage. 






56. The salt water solution that tests nearest 








57. At a constant temperature in a saturated 
aqueous salt solution in contact with 
undissolved salt 
(1) addition of a common ion enables 
more salt to dissolve. 
(2) the rate of dissolving exceeds that 
of crystallization. 
(3) the rate of dissolving equals the 
rate of crystallization of the salt. 
(4) the weight of salt in solution equals 
the weight of undissolved salt. 
(5) all of the salt is found in the 
undissolved salt at the bottom of 
the container. 
The complete combusion of ethane in 
oxygen is represented by 
(1) 2 C H, + 70, - 4 CC> + 3 HO 
Z O Z Z Z 
(2) 2C.H, + 7 0- 4 CO + 6 H O 
Zb Z Z Z 
(3) 2C0H, + 5 0o — 4 CO + H O Z b Z Z 
(4) C_H, + 00 — 2 CO + 3H0 
Z b Z Z 
(5) C H, + 20o - 2 CO + 3H0 
Zb Z Z Z 
59. A chemical bond is considered to be 
predominantly ionic if 
(1) atoms of the same element combine. 
(2) the reaction forming the bond is 
endothermic. 
(3) atoms of an active metal combine 
with the atoms of an active nonmetal. 
(4) the bond is between atoms of 
elements which are of the same 
family. 
(5) atoms of one metal combine with 
atoms of another metal. 
60. In the reaction represented by the equation, 




4>3 3 BaSC>4 + 2FeCl3> 
the products are favored because 
(1) a soluble product forms. 
(2) one stable product forms. 
(3) a slightly soluble product forms. 
(4) the reaction is reversible. 
(5) a volatile product escapes. 
Go on to the next page. 
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61. The functional group characteristic of 





— C —OH 
O 
(2) — C —H 
O 
(3) — C —R 
(4) — O —R 
(5) — CsN 
62. Element X forms an oxide whose formula 
is ^2^3' The group to which element X 
belongs in the Periodic Table is most likely 
( 1 ) Group I A. 
(2) Group II A. 
(3) Group III A. 
(4) Group VI A. 
(5) Group VII A. 
66. Which equation represents the reaction of 
hot carbon with steam? 
(1) C + H2O -CO + H2 
(2) c + 2H2° -*C°2 + 2H2 
(3) 2 C + 6HzO -2H2C03 + 4H2 
(4) C + 2H20 — C + 2H2 + 02 
(5) C + H2° ^H2CO 
67. The half life of Po^^ is 140 days. Starting 
210 
with 2. 00 grams of Po how much will 
be left after 280 days? 
(1 ) 0.25 gram 
(2) 0.50 gram 
(3) 1.00 gram 
(4) 1.25 grams 
(5) 1.50 grams 
68. According to the Avogadro Principle, one 
liter of gaseous hydrogen and one liter of 
gaseous ammonia contain the same number of 
Use the following portion of the Periodic Table 
to answer Questions 63 - 65. 
H He 
Li Be B C N O F Ne 
Na Mg A1 Si P s Cl Ar 
(1) atoms at standard conditions. 
(2) molecules at all conditions. 
(3) molecules only at standard conditions. 
(4) atoms if conditions in both containers 
are the same. 
(5) molecules if conditions in both 
containers are the same. 




The number of valence electrons in the 






The most probable oxidation number of A1 






The element most likely to form covalent 
compounds is 
( 1 ) 1.96 grams . 
(2 ) 2.00 grams . 
(3) 12.0 grams. 
(4) 28.0 grams . 
(5 ) 44. 0 grams. 
70. One liter of oxygen is collected by 
displacement of water. The barometric 
pressure, corrected for vapor pressure, 
is 782 millimeters of mercury, and the 
room temperature is 21 "C. The volume 
of oxygen at STP is 
(1) 1000 
782 273 



























(5) Ar x 760 X 782 
milliliters. 
milliliters. 
Go on to the next page. 
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71. The molecular weight of a compound is 75. 
A student reported an experimental value 




72. Fluorine is the most active halogen principally 
because among the halogens it 
76. When two grams of carbon are burned to 
carbon dioxide, 15.75 kilocalories of heat 
energy are liberated. The heat liberated 




75   (i) 15. 
78 X 100 (2) 31. 






5' » .00 (5) 94. 
£Vii*,oo 77. H20 + CO — HCO ' + OH- 
According to the Brônsted-Lowry concept 
of acid-base reactions, the acids in the 












smallest atomic radius, 
lowest density, 
lowest boiling point, 
smallest number of neutrons 
500 milliliter sample of gas at STP weigh 
581 grams. The composition of gas is 
= 92. 24% and H = 7.76%. The molecular 






74. To neutralize 75 milliliters of hydrochloric 
acid requires 25 milliliters of 3 molar 
sodium hydroxide. The hydrochloric acid is 
( 1 ) 1 molal. 
(2 ) 2 normal. 
(3) 3 normal. 
(4) 1 molar. 
(5 ) 3 molar . 
75. According to their heats of formation, the 
most stable of these compounds is 
(1) HI -5.9 kilocalories per mole 
(2) H2S +5.3 kilocalories per mole 
(3) HBr +8.6 kilocalories per mole 
(4) HC1 +22.0 kilocalories per mole 
(5) HF +64. 2 kilocalories per mole 
(1) H2° 
and OH" 








78. The correct electronic configuration for the 
23 
sodium atom, ^Na > is 
(1) 
2 2 6 
1 s 2s 2p 
(2) 
2 2 6 1 
1 s 2s 2P 3s 
(3) 
2 2 „ 4 2 1 
1 s 2s 2p 3s 3p 
(4) 
2 2 8 10 1 
1 s 2s 2p 2d 3s 
(5) 
2 2 6 10 2 1 
Is 2s 2p 2d 3s 3p 
electr oly 
called 






80. A sample of carbon dioxide at STP weighs 
11 grams. The weight of the same number 
of molecules of sulfur dioxide at STP is 
(1) 4 grams 
(2) 8 grams 
(3) 16 grams 
(4) 32 grams 
(5) 64 grams 





Assuming that the reaction + 3H^ ~* 2 NH^ 
uses up all reactants, the volume of nitrogen 
necessary to form 400 liters of ammonia at 
the same temperature and pressure is 
(1) 100 liters of N2 
(2) 200 liters of N2 
(3) 300 liters of N2 
(4) 400 liters of N2 
(5) 600 liters of N2 
One liter of a gas weighs 1.25 grams at 
STP. The gas 
( 1 ) is diatomic . 
(2) is easily liquefied. 
(3) has a molecular weight of 28. 
(4) has a greater density than air. 
(5) is 1.25 times as heavy as a liter 
of hydrogen. 
A molecule of deuterium oxide differs from 
an ordinary water molecule because 
deuterium oxide has 
(1) two atoms of oxygen. 
(2) three atoms of hydrogen. 
(3) a positive or negative charge. 
(4) oxygen atoms of atomic mass 17. 
(5) hydrogen atoms of atomic mass 2. 
86. An explanation of the heat of vaporization of 
water being much higher than the heat of 
vaporization of ethane (^H^) t^iat 
(1) ethane has dipole molecules. 
(2) water is denser than liquid ethane. 
(3) water* has a higher boiling point 
than ethane. 
(4) water molecules are lighter than 
ethane molecules. 
(5) energy is needed to break the 
hydrogen bonding between water 
molecules . 
87. The number of grams of oxygen in 1.5 moles 
of oxygen is 
( 1 ) 12 grams . 
(2) 16 grams . 
(3) 24 grams. 
(4) 32 grams . 
(5) 48 grams. 
88. In the reaction, represented by the equation, 
2 As + 3 NaOH — Na3As03 + AsH^ 
the volume at STP of arsine gas (AsH^) 
produced from 25 grams of arsenic is 
( 1 ) 3.7 liters . 
(2 ) 7.5 liters . 
(3) 11.2 liters . 
(4) 14.7 liters. 
(5) 22. 4 liters. 
89. The freezing point of a molal solution of a 
nonelectrolyte is -1.86°C if the solvent is 
84. The oxidation number of carbon is 








85. An atom and an ion of the same element 
have the same 
(1) color. 
(2) nuclear charge. 
(3) electronic charge. 
(4) chemical properties. 
(5) physical properties. 
water. The freezing point of a molal 
solution of CaCl^, assuming complete 
ionization and neglecting interionic 
attraction, would be 
(1) 0.00°C. 
(2) - 1.860C. 
(3) -3. 720C. 
(4) -5.580C. 
(5) -9.93°C. 
9 . Assuming that one liter of HC1 solution 
contains two times the Avogadro number of 
ions, the molarity of the solution is 
(1) 1. 0 
(2) 2. 0 
(3) 3. , 0 
(4) 6. . 0 
(5) 0. , 5 
End of Test. 
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Experiment 1 
SCIENTIFIC OBSERVATION AND DESCRIPTION 
Everyone thinks of himself as a good observer. Yet there is much 
more to observation than meets the eye. It takes concentration, alertness 
to detail, ingenuity, and often just plain patience. It even takes 
practice! Try it yourself. See how complete a description you can write 
about a familiar object--say, a burning candle. Be "scientific" about 
this and start with an experiment. This means you should observe a burning 
candle in a laboratory, that is, a place where conditions can be controlled. 
But how do we know what conditions need be controlled? Be ready for 
surprises here! Sometimes the important conditions are difficult to dis¬ 
cover. Here are some conditions that may be important in some experiments 
but are not important here. 
The experiment is done on the second floor. 
The experiment is done in the daytime. 
The room lights are on. 
Here are some conditions that might be important in your experiment. 
The lab bench is near the door. 
The windows are open. 
You are standing close enough to the candle to breathe on it. 
Why are these conditions important? Do they have something in common? 
Yes, there is the common factor that a candle does not operate well in a 
draft. Importànt conditions are often not as easily recognized as these. 
A good experimentalist pays much attention to the discovery and control 
of conditions that are important. 
PROCEDURE : 
First examine the candle carefully. Then light it, and record in 
your notebook as many observations as you can during a short period (10 - 15 
minutes.) 
Turn in the carbon copy of your observations to your teacher before 
you leave the laboratory. 
Write a description of a burning candle, based upon your list of 
observations and upon any additional observations of burning candles you 
care to make at home. 
Experiment 2 
BEHAVIOR OF SOLIDS ON WARMING 
Careful observation of a familiar object usually reveals characteris¬ 
tics not recognized before. You noted this as you studied the candle in 
Experiment 1. These details of observation raise questions. Let us give 
attention to one such question: 
"What is the colorless liquid in the bowl at the top of the burning 
candle?" 
This is a question with a ready answer. Perhaps the liquid is just 
melted wax. But how do you know this? What evidence can you offer? What 
kind of experiment would help you to decide if this ready answer is correc 
Let us proceed by comparing the behavior of several different sub¬ 
stances when heated. 
PROCEDURE : 
Part I 
a. Place a tin can lid, tinned 
side up, on an iron ring 
attached to a ring stand as 
shown in Fig. 2-1. The lid 
should have three depressions 
to contain some of the sub¬ 
stances tested - see (b). Ad¬ 
just the height of the ring 
until the lid is about 8 centi¬ 
meters (cm) above the candle 
(1 cm is almost 1/2 inch). 
b. Place on the lid, equally 
spaced near the edge, small, 
approximately equal amounts 
of each of the following 
substances (a quantity about 










Arrangement of Substances on Lid 
2-2 
c. Place the candle wax, sulfur, and silver chloride each in a 
separate depression in the lid, and space the others as shown in 
Fig. 2-1. Light the candle, and adjust the ring height until 
the tip of the flame is about 4 cm directly below the center of 
the lid. Heat the lid for about 3 minutes. Record your observa¬ 
tions as you make them, paying particular attention to the melting 
behavior. 
d. Remove the candle and adjust the height of the iron ring so the 
lid is about 8 cm above the top of a bunsen burner. (See Appen¬ 
dix 2, section A, for directions for lighting and adjusting the 
burner.) Heat the lid with the burner flame adjusted about 5 cm 
high for about 3 minutes. Increase the size of the flame and 
heat for about 2 minutes more. Record your observations. 
Part II 
Now let us heat some of the solidified liquid from the bowl of the 
candle and some of the candle wax to see how they compare. 
a. Remove the lid from the ring stand and replace it with a wire 
gauze and a 250 milliliter (ml) beaker about one-third full of 
water. See Fig. 2-2. 
b. Pour a few drops of the 
liquid from the bowl of 
a burning candle onto a 
piece of paper. Break 
off a small piece of the 
solid and place it on the 
water contained in the 
beaker. Obtain a piece 
of candle wax by cutting 
a chip from the bottom of 
your candle. Both pieces 
should be about the same 
size. Place the second 
piece on the water in the 
beaker apart from the 
first piece. 
c. Heat the beaker and its 
contents with a burner 
flame and note when each 
substance starts to melt. 
Allow the beaker and its 
contents to cool until 
the wax has solidified. 
Do not pour wax into the 
sink. Discard the wax 
in the waste jar. 
Figure 2-2 
Comparing Melting Behavior 
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c. Slowly raise the temperature 
of about 13 grams (g) of the 
moth repellant para-dichloro- 
benzene in a test tube until 
it melts. Heat the test tube 
with the burner adjusted to 
a low flame. Place a thermo¬ 
meter in the liquid and con¬ 
tinue heating until the 
temperature is between 65°C 
and 70°C. Continuously move 
the test tube back and forth 
through the flame as shown 
in Fig. 3-1. 
d. Clamp the test tube contain¬ 
ing the melted 2-dichloro¬ 
benzene into position above 
the beaker of water. 
e. Now clearly divide your labor. 
Place a clock or watch in 
such a way that one partner, 
the recorder, can read the 
time every 30 seconds. This 
partner also is to record 
all the observations noted 
by the other partner. 
f. When all is ready, check the 
temperature of the £-dichlo¬ 
robenzene and record it to 
the nearest 0.2°C. On sig¬ 
nal by the recorder, imme¬ 
diately immerse the lower 
half of the test tube into 
the water bath and clamp the 
test tube in position. Hold 
the thermometer against the 
side and just off the bottom 
of the test tube so that it 
will become imbedded in that 
position when the 2-dichloro¬ 
benzene solidifies (see 
Fig. 3-2). Record the tem¬ 
perature each 30 seconds 
until a temperature in the 
upper thirties is reached. 
Note also when solidifica¬ 
tion starts and when it is 
complete. 
Figure 3-1 
Melting Solid Crystals 
n A 
Figure 3-2 
Apparatus for Observing Cooling Behavior 
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Part II. Warming Behavior 
The observer and recorder should exchange duties at this point. 
a. Raise the test tube out of the 
water bath and turn the clamp 
around so the test tube is on 
the other side of the ring 
stand, opposite the water bath, 
as shown in Fig. 3-3. Place 
the beaker of water on an iron 
ring and wire gauze. Heat 
the water bath to approximate¬ 
ly 70°C (start with hot tap 
water, if available, to save 
heating time), then turn off 
the burner, but leave it in 
position. 
b. Record the temperature of the 
solidified ^-dichlorobenzene 
to the nearest 0.2°C. With 
a second thermometer measure 
the temperature of the hot 
water bath to the nearest 
On signal by the recorder, 
immerse the lower half of the 
test tube into the water bath 
until the water level is 
above the level of the _p-di- 
chlorobenzene. Record the 
temperature of the 2-dichloro¬ 
benzene each 30 seconds, 
noting when melting starts 
and when it is complete. 
1°C. 
As soon as the solid becomes 
free from the walls of the 
test tube, move the thermo¬ 
meter gently up and down. 
Occasionally note the tempera¬ 
ture of the water bath with 
the second thermometer. If 
the water temperature drops 
below 60°C before the solid 
is melted, be prepared to 
warm it with the burner 
flame to keep the tempera¬ 
ture between 60 C and 
63 C. Continue to move 
the thermometer up and 
down in the test tube and to record temperatures until the tempera¬ 
ture of the 2"dichlorobenzene is about 60°C. 
Figure 3-3 
Apparatus for Observing Warming Behavior 
Experiment 4 
COMBUSTION OF A CANDLE : A CLASS EXPERIMENT 
This experiment will be performed as a class experiment. Your teacher 
will do the actual manipulating of equipment while you make the observations 
and record them in your laboratory notebook. 
In your description of a candle, some of your recorded observations 
probably were: ...the candle decreases in length as it burns...the candle 
material is consumed.... What is happening to the candle and what is 
causing it to happen? These are questions with a ready answer, too. We 
all know the candle is burning. But what does this word "burning" really 
mean? Let's try some experiments to find out. 
PROCEDURE : 
Part I 
a. Hold a large (1000 ml) 
beaker or jar inverted 
over a burning candle for 
a few seconds until a thin 
film of condensed liquid 
forms on the inside of the 
container. (See Fig. 4-1.) 
Test the thin liquid film 
with a strip of cobalt 
chloride test paper. 
b. Moisten a second piece of 
cobalt chloride test paper 
with a drop of tap water. 
Figure 4-1 
Testing for a Product of Combustion 
4-2 
Part II 
a. Determine the length of 
time (seconds) a candle 
continues to burn when a 
quart jar or liter beaker 
is placed over it as shown 
in Fig. 4-2. 
b. Relight the candle and 
repeat procedure a, using a 
pint jar or 500 ml beaker 
in place of the quart jar 
or 1000 ml beaker. 
Figure 4-2 
Combustion Inside a Container 
As often happens in science, the attempt to answer one question raises 
others. What causes the candle flame to be extinguished when confined for 
a short time? Here are two possible answers: 
(1) The burning process produces a gaseous material which somehow 
"quenches" the flame. 
(2) The burning process consumes a gaseous material present in air. 
When this component of air is gone, the burning ceases. 
Part III 
a. Using a blowpipe, add air to 
a candle flame to produce a 
jet. (See Fig. 4-3.) 
Figure 4-3 
Blowing Air into Flame 
5-2 
PROCEDURE : 
a. Stick a candle to a tin can lid and weigh them on a triple beam 
balance to the nearest 0.01 g. (See Fig. 5-1.) Record the weight 
of the candle in your data table. Note the balance number so when 
you weigh the candle again you can use the same balance. This 
helps to minimize the error due to differences between balances. 
Figure 5-1 
Weighing a Candle on a Centigram Balance 
5-3 
b. Weigh an empty can on a platform balance to the nearest 1 g. The 
can must have two holes punched in it as shown in Fig. 5-2. Record 
the weight in your data table. 
Rider 
toO.lg 
Weight for setting 






Weighing a Can on a Platform Balance 
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c. Set up the apparatus as 
shown in Fig. 5-3 such 
that the flame of the can¬ 
dle when lit (do not light 
it yet) will almost but 
not quite touch the bottom 
of the can. For the chim¬ 
ney use a large can opened 
at both ends and with two 
or three holes punched 
near the bottom for venti¬ 
lation. 
d. Fill the weighed can about 
two-thirds full with cold 
tap water. Do not measure 
the weight or volume of the 
water at this time. 
e. Cool the water with ice, if 
necessary, so that its 
temperature is about 10-15°C 
below room temperature. 
Add the ice directly to 
the water. Remove any re¬ 
maining ice when the 
desired temperature has 
been reached. 
Figure 5-3 
Determining the Heat of Combustion 
f. Read and record the temperature of the water to the nearest 0.2 C. 
Light the candle and heat the water, stirring it gently, until 
it reaches a temperature about as much above room temperature as 
it was below at the start. Carefully blow out the candle flame. 
Continue to stir the water, while watching the thermometer reading} 
until the highest temperature is reached. Record the highest tem¬ 
perature, as before, to the nearest 0.2°C. 
g. Weigh the candle on the same balance that was used to weigh it 
before. Make certain that any "drippings" from the candle are 
weighed with it. Record the weight. 
h. Weigh the can and water on the same platform balance that was used 
before, and record this weight. Repeat the experiment if time 
permits. 
6-2 
b. Remove the rubber cap from a medicine dropper. Hold the glass 
portion with a towel (see Appendix 2, Fig. A2-7) and carefully 
twist the tapered end of the dropper part of the way into the 
stopper until it is firmly held. 
c. Press out any air left in the bag by smoothing it flat. Replace 
the rubber cap on the medicine dropper. Weigh this assembly to 
the nearest 0.01 g. Record the uncertainty as + 0.01 g. 
d. Remove the rubber cap and connect the assembly to an oxygen gas 
source supplied by your teacher. Allow the bag to be fully 
inflated. See Fig. 6-2. Disconnect the rubber tubing from the 
gas supply, holding the bag assembly by the stopper. Allow any 
excess gas to escape so that the gas in the bag will be at the 
atmospheric pressure of the room. Do not squeeze the bag. Then 
replace the rubber cap. 
Figure 6-2 
Filling the Plastic Bag With a Gas 
Experiment 6 
THE WEIGHTS OF EQUAL VOLUMES OF GASES 
Gases seem to be weightless. Yet, if a gas is composed of molecules, 
the molecules must have substance, hence they must have weight. If this 
is so, a gas does have weight. Can a gas be weighed with ordinary labora¬ 
tory balances? If so, do different gases have the same or different 
weights? Experiment holds the answer. 
In this experiment, you will have an opportunity to attempt to weigh 
equal volumes of some gases: oxygen, carbon dioxide, and, perhaps, another 
gas. Since the volume of a gas varies with its temperature and pressure 
(conditions that matter), precautions must be taken to keep these variables 
the same when the gases are weighed. Since the weight of the gas samples 
will be at most only a few grams, great care must be taken to avoid sources 
of error in weighing. A few greasy finger marks or a moisture droplet 
provides quite enough weight to interfere with the experiment. 
Before coming to the laboratory, read the experimental directions and 
organize a table for recording the data and your calculated results. 
PROCEDURE : 
Part I. Weighing Oxygen Gas 
a. Obtain a one-hole rubber stopper (size 5 or 6) with a groove cut 
around it about 1 cm from the larger end. Fold,in small pleats, 
the open end of a plastic bag (one quart size) around the stopper 
and hold it in place with a rubber band. See Fig. 6-1. 
Figure 6-1 
Preparing the Plastic Bag Assembly 
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This will enable you to make the following calculations : 
Weight of wax (g) 
Weight of water (g) 
Temperature change of water (AT)* ** 
Quantity of heat required to change the temperature of the water (calo 
(Neglect the heat required to change the temperature of the beaker A' 
Heat of solidification of the wax (calories per gram) 
(Assume that all of the heat exchanged between the wax and the water 
is the heat of solidification.) 
Questions for Either Part I or Part II 
1* Considering the assumptions made in either the "heat of solidifica 
tion" or "heat of combustion" calculation, would you expect your 
results to be lower than or higher than the accepted value? Ex¬ 
plain. 
2. Compare the class averages for heat of combustion and heat of 
solidification. How much larger is one than the other? 
A Question to Wonder About 
1. Why is the heat of combustion so different from the heat accom¬ 
panying the phase change? 
Additional Investigations for Extracurricular Experimentation 
To be undertaken only after consultation with your teacher. 
1. Devise an experiment to measure the heat effect for the phase 
change -- gas to liquid -- which would parallel Part II of 
Experiment 5 in which you investigated the phase change from liquic 
to solid. 
2. Devise suitable refinements in Part I of Experiment 5 to eliminate 
the major sources of error you encountered. Determine the heat of 
combustion of a pure substance, such as stearic acid, and compare 
your results with data found in the literature. 
* See footnote on page 5-5. 
**See footnote on page 5-5. 
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e. Weigh the bag containing the gas at room temperature and pressure 
to the nearest 0.01 g. Record the uncertainty as before. 
Optional : If directed by your teacher, repeat steps d and e to 
check your work. 
f. Measure the volume of oxygen by the method shown in Fig. 6-3. 
Completely fill a large bottle or jug (about one-half gallon size) 
with tap water. Fit it with a stopper and invert it in a large 
container of water. Remove the stopper under the water. 
Figure 6-3 
Measuring Volume of Gas in the Plastic Bag 
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Part II. The Effect of Adding a Solution of Sodium Chloride to a 
Solution of Silver Nitrate 
a. Add about 15 ml of 
distilled water to 
the AgNO^ in beaker 
#1. Stir until no 
more change takes 
place. 
b. Remove from the stock 
bottle, about two to 
two and a half grams 
(approximately 1/2 
teaspoonful) of sodium 
chloride, NaCl, as 
shown in Fig. 8-1. 
Gently rotate the 
stock bottle back and 
forth to obtain the 
approximate amount 
needed on a piece of 
clean paper. 
Figure 8-1 
Removing An Approximate Amount 
c. Weigh a clean, dry 100 ml beaker, labeled #2, to the nearest 
0.01 g. 
d. Adjust your balance so it reads somewhere between 2 to 2.5 
grams greater than the weight of beaker #2 and add carefully 
enough salt from the paper to make the balance pan drop. Dis¬ 
card any salt remaining on the paper and now determine the 
"weight of the salt and beaker to the nearest 0.01 g. 
Add about 15 ml of dis¬ 
tilled water to the 
solid NaCl. Stir until 
no more change takes 
place. 
While briskly stirring 
the AgNO^ solution in 
beaker #1, slowly add 
the NaCl solution. Note 
the result. The white 
solid produced is the 
compound silver chloride, 
AgCl. Rinse the empty 
beaker #2 with about 5 ml 
of distilled water from 
the wash bottle by 
rinsing with water 
around the inside of the 
beaker (see Fig. 8-2). 
Add the rinse to the 
mixture in beaker #1. 
Figure 8-2 
Rinsing With a Wash Bottle 
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Rinse beaker #2 again with distilled Vater and discard the 





Heat the resulting pre¬ 
cipitate (the solid 
which settles out) and 
the solution to boiling 
for about 2 minutes or 
until the solution be¬ 
comes reasonably clear 
as the precipitate 
settles. 
Determine the weight of 
a piece of filter paper 
to the nearest 0.01 g. 
Fold it as shown in 
Fig. 8-3. Fit it 
into a funnel and 
moisten the paper with 
some distilled water 
from a wash bottle. 
Set up the funnel for 
filtering as shown in 
Fig. 8-4. Pour the 
liquid along a glass 
rod. The tip of the 
funnel should touch 
the beaker, so a steady 
stream can run down the 
side. 
Place beaker #2 under, 
the funnel and decant 
the clear liquid from 
beaker #1 into the 
funnel. A small amount 
of the precipitate may 
transfer to the filter 
paper but try to keep 
most of it in the 
beaker where you can 
wash it more readily. 
Wash the precipitate in 
the beaker with about 
15 ml of distilled 
water. Stir with a 
glass rod to aid wash¬ 
ing the solid. Decant 
the wash water into 
the funnel. Repeat 
Figure 8-3 
Folding a Piece of Filter Paper 
- •• ' ■'
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Figure 8-4 
Pouring the Liquid Into the Funnel 
Experiment 9 
A QUANTITATIVE INVESTIGATION OF THE REACTION OF A 
METAL WITH HYDROCHLORIC ACID 
In this experiment you will determine the volume of hydrogen gas which 
is produced when a sample of magnesium metal reacts with hydrochloric acid. 
The volume of the hydrogen gas will be measured at room temperature and 
pressure, conditions that matter for a gas. From the data you will be able 
to answer the question: How many liters of dry hydrogen gas at room 
temperature and 1 atmosphere can be produced per mole of magnesium metal? 
PROCEDURE : 
a. Obtain a piece of magnesium, 
• Mg, ribbon approximately 
5 cm long. Measure the 
length of the ribbon care¬ 
fully and record this to 
^ the nearest 0.05 cm. Your 
teacher will give you the 
, weight of a meter of the 
.CO | 'ribbon and since it is 
very uniform in thickness 
you can calculate the 
weight of the magnesium 
used. 
b. Fold the ribbon so that it 
can be encased in a small 
spiral cage made of fine 
copper wire. Leave about 
5 cm of copper wire to 
serve as a handle. See 
Fig. 9-1. 
c. Set up a ring stand and 
utility clamp in position 
to hold a 50 ml gas 
measuring tube which has 
been fitted with a one or 
two hole rubber stopper 
as shown in Fig. 9-1. 
• Place a 250 ml beaker about 
1/3 full of tap water near 
the ring stand. 
d. Incline the gas measuring 
tube slightly from an 
upright position and pour 
in about 10 ml of moderate¬ 
ly concentrated hydrochloric 
acid labeled 6 M HC1. 
Figure 9-1 
Manipulating the Gas Measuring Tube 
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e. With the tube in the same position, slowly 
fill it with tap water poured from a 
beaker. While pouring, rinse any acid 
that may be on the sides of the tube so 
that the top of the tube will contain very 
little acid. Try to avoid stirring up 
the acid layer in the bottom of the tube. 
Bubbles clinging to the sides of the tube 
can be dislodged by tapping the tube 
gently. 
f. Holding the copper handle, immediately 
insert the metal about 3 cm down into the 
tube. Hook the copper wire over the edge 
of the tube and clamp it there by insert¬ 
ing the one or two hole rubber stopper. 
The tube should be full with water up to 
the level of the stopper as shown on the 
left of Fig. 9-1. 
g. Cover the hole(s) in the stopper with your 
finger and invert the tube into the con¬ 
tainer of water, as shown in the middle 
of Fig. 9-1. Clamp it in place. The 
acid being more dense than water will 
diffuse down through it and eventually 
react with the metal. 
h. After the reaction stops, wait for about 
5 minutes to allow the tube to come to 
room temperature. Dislodge any bubbles 
clinging to the sides of the tube. 
i. Cover the hole(s) in the stopper with your 
finger and transfer the tube to a large 
cylinder or battery jar which is almost 
filled with water at room temperature. 
See Fig. 9-2. Raise or lower the tube 
until the level of the liquid inside the 
tube is the same as the level outside the 
tube. This permits you to measure the 
volume of the gases in the tube (hydrogen 





















Measuring Volume of Gas 
Experiment 10 
AN INVESTIGATION OF THE REACTING VOLUMES OF 
TWO SOLUTIONS OF KNOWN CONCENTRATION 
In this experiment you will prepare solutions of lead nitrate, Pb(NO^)2> 
and sodium iodide, Nal, of known concentration, 0.50 M. You will observe 
the results which occur when various volumes of the solutions are mixed. 
From the volumes of the solutions used, from their molarity, and from the 
weights of the precipitates formed, it will be possible to determine the 
number of moles of the various substances involved in the reaction. 
PROCEDURE : 
Part I. Preparation of Solutions 
You will be assigned to work with a partner in this experiment. Each 
of you will prepare one of the 0.50 M solutions and share these as you 
perform the remainder of the experiment. 
Before coming to the laboratory, you should make the following calcula¬ 
tions independently to check the work of your partner. 
Pb(tlOX; 331.2^a. 
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Calculate the weight of each of the compounds lead nitrate, PbCNO^) 
and sodium iodide, Nal, needed to make 25 ml of a 0.50 M solution 
of each. 
Weigh the calculated amount 
of each solid. Refer back 
to Fig. 8-1 for a method 
of transferring an approxi¬ 
mate amount of a solid to 
a piece of paper. Fig. 10-1 
shows how to weigh an exact 
amount of the solid. Dis¬ 
solve it in about 20 ml of 
distilled water in a small 
beaker. Pour the resulting 
solution into a 25 or 50 ml 
graduated cylinder and add 
just enough distilled water 
with a dropper to make the 
volume of the solution 
exactly 25.0 ml. Refer 
back to Fig. 9-3 for proper 
method of reading a menis¬ 
cus. Pour the solution 
into the same beaker, used 
to dissolve the solid, and 
stir the solution gently 
until it is uniformly 
mixed. Label your solution. 
Figure 10-1 
Tap the Paper Gently to Transfer 
The Desire Amount 
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c. One of you should then measure out 4.0 ml amounts of the 0.50 M 
Nal solution into each of five 13 x 100 ram test tubes, while the 
other goes on to procedure d. Use a 10 ml graduated cylinder and 
a medicine dropper to adjust the liquid level to exactly 4.0 ml. 
d. Calibrate a medicine dropper, as outlined below, so that you can 
measure different amounts of the Pb(N03)2 solution into each of 
the five test tubes, as indicated in tne table. 
Test tube # 0.50 M Pb(N03)2 0.50 M Nî 
1 0.5 ml 4.0 ml 
2 1.0 ml 4.0 ml 
3 2.0 ml 4.0 ml 
4 3.0 ml 4.0 ml 
5 4.0 ml 4.0 ml 
To calibrate a medicine dropper: 
Fill a 10 ml or 25 ml 
graduated cylinder with 
water. Carefully adjust 
the level with a medicine 
dropper so th#t the 
curved bottom of the 
meniscus is exactly at 
the top mark (10.0 ml for 
example). Withdraw 
exactly 1.0 ml of water 
from the graduated cylin¬ 
der as shown in Fig. 10-2, 
and make a mark on the 
medicine dropper for 
1.0 ml. Use a wax pen¬ 
cil or a small label to 
mark the level. In a 
similar manner mark the 
level on the dropper for 
0.5 ml. If you wish, 
you can count the number 
of drops in the 1.0 ml 
volume by slowly forcing 
this volume from the 
medicine dropper. When 
you wish to add 0.5 ml 
you can then count the 
appropriate number of 
drops. 
Figure 10-2 
Calibrating a Medicine Dropper 
Experiment 11 
REACTIONS BETWEEN IONS IN SOLUTION 
Since each of the compounds used in this experiment is an ionic 
substance, these solutions consist of positive and negative ions in such 
proportion that their net electric charge is zero. The actual manipulation 
of the solutions is simple. You are to mix all possible combinations of 
a set of six solutions and record the cases where a precipitate is formed. 
Organize a table for your observations as shown below. Number 
each solution and write the formulas for each of the pairs of ions 
in a vertical column. Write the formula for each pair of ions again 
in a horizontal row, but in reverse order this time. The sample 
entries below are not necessarily the ions you will encounter in your 
set of solutions. 




Na , N03 etc. 
1 +2 Ba , N03 
2 Ba+2, Cl' 
3 etc. 
etc. 
If you do not know the charge associated with each ion refer to 
the chart in Appendix 7 which gives this information. 
With six different solutions, how many different tests will you 
need to make in order to study all of the possible combinations of 
solutions, using them two at a time? 
PROCEDURE : 
Method I. Using Small Test Tubes 
Place a dropperful, about 1 ml, of one solution in a clean 
13x100 mm test tube. Add to it the same volume of another solution. 
If the set of solutions is not provided with individual droppers, be 
sure to rinse the dropper thoroughly before using it in another solu¬ 
tion . 
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Method II. Using Glass Plates 
Place a drop of one solution on a clean, dry glass plate and add 
a drop of a second solution to it. The glass plate may be marked off 
in small squares so that several combinations may be tried on the 
same plate. Continue until you have tried all possible pairs of solu¬ 
tions from the six provided. 
In the data table, make an entry to indicate those combinations 
in which a precipitate is formed. Use the abbreviation, ppt, for 
precipitate, and a dash, —, when no precipitate is formed. 
If directed to do so by your teacher, repeat the above procedure 
with another set of solutions. 
Interpretation of Results 
Since the pairs of ions listed in your data table were present in 
solution you may assume that each precipitate produced was due to a new 
combination of ions. What new combinations were possible in the mixtures 
producing a precipitate? List these. Note that in each case that a 
precipitate occurred it could be either of two combinations. 
Conclusions 
1. State a hypothesis as a generalization that will account for the 
fact that a reaction was observed in some cases and not in others. 
2. Propose a further experiment to test your hypothesis. 
3. Write equations to indicate what you consider to have happened in 
each case in which there was a reaction. Use ions to represent 
the species in the reacting solutions, but for those products that 
you have decided were precipitates write an empirical formula. 
(Place (aq) after those species in solution and (s) after the 
precipitates.) Be sure to write the equations so that both the 
atoms and charges are conserved. 
Example : 
Agn"(aq) + NO^-(aq) + Na+(aq) + Cl”(aq) = AgCl(s) + Na+(aq) + NO^” (aq) 
4. Rewrite these equations leaving out the ions not involved. These 
are called net ionic equations. 
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Thoroughly rinse the flask with water and dry with a paper towel. 
Reaction 2. 
Repeat the steps of reaction 1 substituting 200 ml 0.25 M HC1 in place 
of the distilled water. 
Thoroughly rinse the 250 ml flask with water, and dry with a paper 
towel. 
Reaction 3. 
Put 100 ml 0.5 M HC1 in the 250 ml flask and stir until a constant 
temperature is reached. Record. Now add the 100 ml 0.5 M NaOH directly to 
the flask and stir. (Both solutions should be at the same temperature be¬ 
fore mixing. Rinse and dry the thermometer before transferring from one 
solution to another.) Again note the extreme temperature reached. 
Calculations: 
1. For each reaction, calculate: 
a) the change in temperature 
b) the amount of heat absorbed by the solution 
c) the amount of heat absorbed by the beaker 
d) the total amount of heat absorbed 
e) the total amount of heat involved per mole of NaOH. 
(How many moles of NaOH are used in reaction 3?) 
2. Express your results as heats of reaction: AH^, AI^J an<* AH^ • 
3. a) Compare A^ with AH^ + AH„ and explain, b) Calculate the 
percent difference between AI^ an<* AH^ + AH^ assuming A^ 
to be correct. 
Questions: 
1. What heat effects are involved in each reaction? 
2. Suppose 4 g of NaOH are dissolved in reaction 1. 
a) What effect would this have on the heat observed for 
for reaction 1? 
b) What effect would this have on your calculations for 
AH1? 
Experiment 16 
A STUDY OF REACTION RATES I 
To what extent does temperature affect the rate of a reaction? Will 
reactions go faster if there is an increase in the concentration of the 
reacting species present? The purpose of this experiment is to investigate 
the role of such factors as temperature and concentration by performing 
some controlled experiments with an interesting reaction, sometimes called 
the "clock reaction". In Part I we shall vary the temperature, while we 
keep the concentration constant, and in Part II we shall vary the concentra¬ 
tion of one of the reactants while the temperature is kept constant. 
The "clock reaction" is performed by mixing the two solutions listed 
below: 
Solution A is a dilute 0.02 M solution of potassium iodate, 
KIO^, which contains the iodate ion, 10^ . 
Solution B is a dilute, acidified solution of sodium hydrogen 
sulfite, NaHSO^, which contains the hydrogen sulfite ion, HSO^ . 
The initial step in the reaction can be represented by the equation: 
10 “ + 3HS0 ” - I~ + 3SO,"2 + 3H+ 
J 1 4 
When the hydrogen sulfite ions, HSO , are used up, the iodide ions, 
I react with the remaining iodate ions, 10^ , to produce iodine, I2(s): 
5I~ + 6H+ + I03" = 3I2(S) + 3H20 
The molecular iodine forms a blue substance with the starch present 
in the solution which indicates that the reaction has proceeded to this 
point. 
Part I. The Effect of Temperature 
To study temperature effects you will determine the time of this 
reaction at room temperature and at other temperatures within a range of 
±20 C of room temperature. Your teacher will assign a particular tempera¬ 
ture for you and your partner to use. By exchanging results with other 
members of the class you will be able to draw some conclusions concerning 
the effect of temperature on the time. 
PROCEDURE: 
a. Put 10.0 ml of solution A into one test tube (18x150 mm) and 
10.0 ml of solution B into another. These solutions must be 
brought to the desired temperature before they are mixed. Put 
both test tubes into a 250 ml beaker about two-thirds full of 
water at the temperature you were assigned to investigate. Let 
them stand for about 10 minutes so that the solutions will come 
to the temperature of the water bath. 
Experiment 17 
A STUDY OF REACTION RATES II 
In this experiment we shall continue our study of the factors which 
influence the rate of a reaction by investigating the rate of decomposition 
of aqueous sodium hypochlorite, NaOCl. We shall use a commercially avail¬ 
able bleaching solution which contains about 57» sodium hypochlorite as a 
source of the hypochlorite ions, 0C1 , which decompose according to the 
following equation: 
20C1 = 02(g) + 2C1 
Since the rate of this reaction is extremely slow under normal condi¬ 
tions, we shall use the same quantity of a solid catalyst, an oxide of 
cobalt, to catalyze each of the reactions studied. The catalyst will be 
prepared just as we wish to initiate the decomposition by allowing a few 
ml of a 0.17 M solution of cobalt nitrate, Co(N03)2, to react with some 
of the bleaching solution. The reaction for the formation of the solid 
catalyst is thought to be: 
2Co+2 + OCl" + 2H20 = Co203(s) + 4H
+ + Cl" 
The rate of the hypochlorite decomposition will be followed by allow¬ 
ing the oxygen formed to displace water and by measuring the volume collec¬ 
ted at regular time intervals. 
The effect of temperature will be studied by determining the rate at 
room temperature and-at approximately ten degrees above and below room 
temperature. 
The effect of concentration on the rate will be determined by 
diluting the bleaching solution. 
Your teacher will designate which part or parts of the experiment 
will be done by you and partner. Before you write up the experiment you 
should exchange results so that all parts will be available to the class. 
PROCEDURE: 
Set up the apparatus as shown in Figure 17-1. If the bent glass 
tubing is not available, see the section in the appendix of this manual 
which describes how to cut, bend and fire polish glass tubing. Also 
note the proper technique illustrated for inserting glass tubing through 
rubber stoppers. Your teacher may prefer to furnish you with pre-assembled 
stoppers and glass tubing. 
The apparatus will require less attention if the second flask is 
clamped to a ring stand. 
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Figure 17-1 
Part I. Decomposition Rate at Room Temperature 
a. Measure carefully 15 ml of the sodium hypochlorite solution in a 
graduated cylinder, determine its temperature, then pour it into 
the first erlenmeyer flask. Place 3 ml of the cobalt nitrate 
solution into a 13x100 mm test tube and insert it carefully into 
the same erlenmeyer flask as shown. 
b. Fill the second erlenmeyer flask full of water and replace the 
stepper . 
c. Open the pinch clamp and fill the delivery tube leading to the 50 ml 
graduated cylinder by blowing into the short length of glass 
tubing inserted in the second erlenmeyer flask. Close the pinch 
clamp while the tube is full of water. 
Experiment 18 
APPLYING LE CHATELIER'S PRINCIPLE TO SOME REVERSIBLE CHEMICAL REACTIONS 
Most of the chemical reactions we have observed in the laboratory seem 
to have gone to completion--that is, all of the reactants appeared to be 
used up to form the products indicated. However, all chemical reactions are 
reversible and we must concern ourselves with the possibility that the 
molecules of the resulting substances do react to form-molecules of the 
reacting substances. 
Consider the reaction of hydrogen molecules with iodine molecules to 
form hydrogen iodide molecules: 
H2(g) + I2(g)  » 2HI(g) 
After a period of time, one might expect all the hydrogen and iodine to be 
used up. Instead, the reaction flask contains a mixture of all the molecules 
indicated in the equation for the reaction. Apparently a condition has 
been reached where there is no net change in the concentration of the reactants 
and products. 
If you were to follow the reverse process of this reaction: 
2HI(g)  > H2(g) + I2(g) 
you would discover that eventually an identical mixture of H„(g), I„(g) and 
HI(g) would result at the same temperature. When such a condition has been 
reached we say the system is in a state of equilibrium. This is a dyna¬ 
mic situation where the rates of the forward and reverse reactions described 
above are the same. 
In this experiment we shall study qualitatively a few reactions where 
appreciable reversibility is involved and the presence of the reactants or 
products can be readily observed by noting color changes or the formation 
of a precipitate. 
PROCEDURE: 
-2 -2 
Part I. The Chromate ion—Dichromate ion Equilibrium, CrO^ — ^r2^7 
a. Obtain 0.1 M solutions of potassium chromate, K_CrO^, and of 
potassium dichromate, K-Cr^O^, as sources for the two ions to be 
studied. Record the color or each solution. 
b. Place 0.5 ml (10 drops) of each solution into separate small test 
tubes and add a drop at a time, some 1 M NaOH alternately to each 
solution until a color change is observed in one of the tubes. 
Record the colors now. Retain the test tubes for a later test. 
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c. Repeat the procedure in b. with fresh solutions except add 1 M 
HC1 drop by drop and alternately to the test tubes. Record the 
color change observed. Retain these test tubes. 
Now add 1 M NaOH drop by drop to one of the tubes in b. and add 
1 M HC1 to one of the tubes in c. Record the color changes. 
e. 
-2 -2 
What can you conclude about the reaction: 2CrO^  > C^O 
and its dependence on hydrogen ijjms, H (aq) from the acid HCl(aq)? 
Balance the equation by adding H (aq) to the left side and water 
molecules to the right side. 
f. Consider the reverse reaction: Cr_0^ —* 2CrO, and its 
dependence on hydroxide ions, OH" from the base NaOH(aq). 
Balance the equation for this reaction by adding 0H“ ions to the 
left side and water molecules to the right side. 
Part II. The Equilibrium of Solid Barium Chromate, BaCrO.(s) With a 
Saturated Solution of Its Ions. 
a. Place about 0.5 ml (10 drops) of 0.1 M K^CrO^ solution in a clean 
test tube. Add a few drops of 0.1 M barium nitrate, Ba(N0^)2 
solution. Note the result. Keep this test tube for part d. 
b. Repeat the above test using 0.1 M LCr 0 solution acidified with 
2 drops of 1 M HC1 and then add 10 drops of the Ba^O^^ solution. 
Keep this for part e. 
c. From your observations above, what can you conclude about the 
relative solubilities of BaCrO^(s) and BaC^O^s)? 
d. Based on your conclusion in Part I e., suggest a way by which the 
precipitate obtained in Part II a. could be dissolved. Try this 
experiment. Add the reagent selected drop by drop. 
e. Based on your conclusion in Part I f. suggest a way by which you 
could produce a precipitate in the solution obtained in Part II b. 
Try this experiment. Add the reagent drop by drop. 
f. Add a few drops of 0.1 M barium nitrate solution to 0.5 ml of 
0.1 M potassium dichromate solution (not acidified). Note result. 
What can you conclude about the concentration of the chromate ion 
in equilibrium with the dichromate ion? 
Experiment 19A 
DETERMINATION OF THE SOLUBILITY PRODUCT CONSTANT OF 
SILVER ACETATE, AgC^COO 
In a saturated solution of a slightly soluble salt in equilibrium 
with some of the solid, the rate at which ions are leaving the solid 




The concentrations of the ionic species, silver ions, Ag+(aq) , and acetate 
ions, CH3COO
_(aq), determine the equilibrium solubility. The equilibrium 
constant is experimentally determined by obtaining the product of the 
equilibrium concentrations of the ions: 
Solubility product constant (Kgp) = [ Ag"^] x [CH3COO"] 
Note that the "concentration" of the solid (silver acetate) does not appear 
in che equilibrium expression since it is not variable. 
Since the solubility of a salt varies with the temperature, the solu¬ 
bility product constant is also temperature dependent. 
In this experiment you will determine the equilibrium concentration 
of the silver ions in a saturated solution of silver acetate by a method 
similar to the one used in Experiment 7. This will enable you to deter¬ 
mine the acetate ion concentration and thence to calculate the / sp 
PROCEDURE : 
a. Carefully measure, in a 100 ml graduated cylinder, 100 ml of one 
of the 3 samples of saturated silver acetate solutions available. 
Record its number and the statement of how it was prepared. 
b. Obtain a 20 cm length of No. 14 gauge copper wire. Clean the 
surface with some emery cloth and wind the copper into a loose 
coil around a test tube. 
c. Weigh the copper coil to the nearest 0.01 g and place it into 
the beaker containing the saturated silver acetate solution. 
Allow the system to stand overnight, so all the silver ions will 
have an opportunity to react. 
d. Shake the silver crystals free from the copper wire into the beaker. 
Wash the wire in a stream of water from the tap. Rinse it in 
acetone and weigh it when dry. 
e. Decant the solution off the silver crystals and rinse them with 
water. Place the silver into a container designated by your teacher 
so that it can be used again. 
; 
19-2 
(Save the remainder for the next part.) Calculate the concen¬ 
tration of this solution as part of your pre-lab preparation. 
c. Pour 10.0 ml of the solution from the beaker to your graduate. 
Discard the remainder. Refill the graduate to the 25.0 ml mark 
with distilled water, and pour into a clean dry beaker to mix. 
Pour 5.0 ml of this solution into test tube 3. Continue dilution 
in this manner until you have 5.0 ml of successively more dilute 
solution in each test tube. Calculate the concentration of each 
of the solutions as part of your pre-lab preparation. 
The problem then is to compare the solutions in each of the test tubes 
with the standard tube (1) in order to determine the concentration of the 
thiocyanoiron (III) ion. 
Wrap a strip of paper around tubes 1 and 2. Look vertically down 
through the solutions toward a diffused light source as shown in Figure 19-1. 
If color intensities appear the same, record this fact. If not, remove some 
of the solution from the standard tube with a medicine dropper and put this 





THE HEAT OF SOME ACID-BASE REACTIONS 
In Experiment 15 you studied the heat of reaction of a strong base, 
NaOH, with a strong acid, HC1, by two different paths. In this experiment 
you will compare the heat involved when other acids and bases react. 
Are all acid-base reactions exothermic? Do some acid-base reactions 
release more heat than others? Is it possible to make a generalization as 
to a possible correlation between acid-base strength and the amount of heat 
involved? As you conduct this experiment you will be seeking answers to 
these questions. 
PROCEDURE: Your teacher will assign you some specific acid-base 
combinations to be used.. Record your data first in your laboratory note¬ 
book and then make it available to the rest of the class, as directed by 
your teacher. 
Use a clean, dry 250 ml erlenmeyer flask as the calorimeter. The 
temperature of each of the reacting solutions should be at or slightly below 
room temperature before mixing. (Be sure to rinse and dry your thermometer 
before transferring from one solution to another). Note the initial tempera¬ 
tures. Record all temperatures to the nearest 0.2 C. After adding the 
100 ml solution of each acid and base to the 250 ml erlenmeyer, stir gently 
and record the highest temperature reached. 
Reactions to be observed: 
a. Mix 100 ml of 1.0 M HC1 and 100 ml of 1.0 M K0H 
b. Mix 100 ml of 1.0 M CH^OOH and 100 ml of 1.0 M NaOH 
c. Mix 100 ml of 1.0 M HN03 and 100 ml of 1.0 M NaOH 
d. Mix 100 ml of 1.0 M HC1 and 100 ml of 1.0 M NH3 water 
e. Mix 100 ml of 1.0 M CH3C00H and 100 ml of 1.0 M NH3 water 
Calculations: 
Recall the calculations you made in Experiment 15, reaction 3, to de¬ 
termine the heat involved to produce one mole of water by this reaction: 
H+ + Cl" + Na+ + OH" = H20 + Na
+ + Cl" + heat 
Make similar calculations of the heat involved per mole of water pro¬ 
duced in each of the reactions performed in this experiment. Record your 
results and report as directed by your teacher. Include the comparable data 
on HCl(aq) and NaOH(aq) from Experiment 15. Neglect the heat used to warm 
the beaker each time. 
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Sample Question: 
101 Of what is water composed? 
Hydrogen and nitrogen 
Carbon monoxide and hydrogen 
Hydrogen and oxygen 
Sulfur and phosphorus 
Nitrogen and oxygen 
Sample Answer Sheet: 
101 
(The correct answer is response (3), "Hydrogen and oxygen." Answer space 3, therefore, has been marked 
on the sample answer sheet. ) 
PART I 
(40 minutes ) 
1. Avogadro's number, N, is 6.02 x 10 
The atomic weight of magnesium is 24. 
One mole of magnesium weighs 
(1) 24/N grams. 
(2 ) N/ 24 grams . 
(3 ) N grams . 
(4) 24 N grams . 
(5 ) 24 grams . 
3. In the compound K^Fe(CN)^, the oxidation 






2. In the nuclear transformation, 




Ba + X, 
4. One of the reasons that gases deviate from 
the ideal gas laws is that their molecules do 
have actual volumes. These deviations 
become most significant at 










(1) high pressures. 
(2) high temperatures. 
(3) low density. 
(4) low pressures. 
(5) atmospheric pressure. 
5. Two compounds of carbon and oxygen 
which best illustrate the Law of Multiple 
Proportions are those in which the weight 
ratios of carbon to oxygen are 4.2 to 5.6 
and 
(1) 4. 2 to 3. 1 
(2) 4. 2 to 3.9 
(3) 4. 2 to 6.0 
(4) 4.2 to 8. I 
(5) 4. 2 to 11.2 
Go on to the next page. 
Use the following responses to answer questions 
6-9. You may use a response once, more than 
once, or not at all. 
( 1 ) Covalent bond 
(2) Hydrogen bond 
(3) Coordinate covalent or dative bond 
(4) Polar nonionic bond 
(5 ) Ionic bond 
13. A particle was emitted from the nucleus of 
an atom without causing any change in mass 
number. The particle probably was 
(1) an alpha particle. 
(2) a beta particle. 
(3) a deuteron. 
(4) a neutron. 
(5) a proton. 
6. What is the main factor responsible for the 
thermal stability of alkali metal salts? 
7. At room temperature liquid compounds 
having dipoles are generally good solvents 
for ionic compounds because of what type 
of bonding? 
8. What is the linkage responsible for the 
thermal stability of diamond? 
9. What is the characteristic linkage between 
atoms with similar electronegativity values? 
10. Gases A, B, and C are stored, (as a mixture) 
in a cylinder in which the total pressure is 
1000 pounds per square inch absolute 
(p.s.i.a. ). The partial pressure of A is 
250 p.s.i.a., and the partial pressure of 
B is 300 p.s.i.a. Therefore, the number 
of molecules of C must be 
(1) less than for A. 
(2) less than for B. 
(3) less than A plus B. 
(4) equal to A plus B. 
(5) none of these. 
11. Nonpolar compounds would be expected to 
(1) conduct an electric current. 
(2) have high surface tensions. 
(3) dissolve readily in polar solvents. 
(4) have a strong attraction for electrons. 
(5) have low solubility in water. 
12. Which electron configuration represents 
a transition element? 
(1) is
2 2s2 2p2 
(2) is
2 2s2 2p6 3s2 3p4 
(3) is2 2s2 2p6 3s2 
(4) is2 2s2 2p6 3s2 3p6 3d^ 4s 
(5) is




14. Concentrated acetic acid and saturated lead 
sulfate aqueous solutions are both poor 
conductors of electric current because 
(1) both are only sightly ionized but 
highly soluble. 
(2) both are highly ionized but only 
slightly soluble. 
(3) acetic acid is only slightly ionized; 
lead sulfate is highly ionized but 
only slightly soluble. 
(4) lead sulfate is only slightly ionized; 
acetic acid is highly ionized but only 
slightly soluble. 
(5) both are completely ionized but only 
slightly dissociated in solution. 
15. A spectacular exothermic reaction can be 
represented by 
2A1 + Fe2Q3 Al^O^ + 2 Fe + energy 
Using the associated thermochemical data 
indicated by 
2 A1 + 3/2 —*• A^O^ + kilocalories 
and 
2 Fe + 3/2C>2 -*■ Fe2C>3 + 200 kilocalories, 
select a value which represents the energy 
per mole of aluminum that could be 
obtained by reaction of aluminum with 
iron (III) oxide. 
(1) 100 kilocalories 
(2) 200 kilocalories 
(3) 300 kilocalories 
(4) 400 kilocalories 
(5) 600 kilocalories 
Go on to the next page. 
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16. By reacting magnesium ribbon and hydro¬ 
chloric acid, a student collected 45 milli¬ 
liters of hydrogen in a eudiometer tube 
when the atmospheric pressure was 630 
millimeters of mercury and the room 
temperature was 27°C. The vapor pressure 
of water at 27°C is 27 millimeters of 
mercury. The amount of magnesium 
ribbon that the student used was 
(1) 0.035 gram. (Mg=24.3) 
(2) 0. 038 gram. 
(3) 0. 310 gram. 
(4) 0.380 gram. 
(5) some other value. 
17. A Ca° atom differs from a Ca++ ion in 
that the atom 
(1) has a higher ionization potential 
than the ion. 
(2) has the greater nuclear charge. 
(3) migrates faster in an electrical 
field. 
(4) has two 4s electrons. 
(5) is smaller than the ion. 
18. If an electron shifts from one energy level 
in an atom to a lower level, energy is 
emitted. Which of the following electron 
transitions would release the most energy? 
20. Water has an unexpectedly high boiling point 
in comparison to hydrocarbon compounds of 
similar molecular weight. This seemingly 
abnormal property of water is due chiefly 
to its 
(1) polar molecules. 
(2) hydrogen bonding. 
(3) high volatility. 
(4) strong solvent action. 
(5) high thermal stability. 
21. In the electrolysis of water, hydronium 
ion is 
(1) the reducing agent. 
(2) reduced at the cathode. 
(3) oxidized at the anode. 
(4) reduced in concentration as 
electrolysis proceeds. 
(5) supplied only by the ionization of 
water. 
22. If one milliliter of a sodium hydroxide 
solution with a pH value of 9 is diluted to 
one liter with distilled water, what is the 
pH value for the resulting solution? 
(1) 8 
(2) 7 
(3) slightly less than 7 
(4) slightly more than 7 
(5) 6 
(1) Second level to first 
(2) Third level to second 
(3) Third level to first 
(4) Fourth level to second 
(5) First level to fourth 
19. In what respect does a chlorine atom differ 
from a chloride ion? 
(1) The atom is a better reducing agent 
than the ion. 
(2) The atom is larger than the ion. 
(3) The atom is less easily oxidized 
than is the ion. 
(4) The atom has an electron configuration 
considered to be more stable than 
that of the ion. 
(5) The atom forms more complex ions 
than the ion does. 
23. In which equilibrium system does an iso¬ 
thermal increase in pressure produce no 
change in equilibrium concentrations^? 
(1) N2(g) + 3H2(g) - 2NH3(g) 
(2) PCl3(g) + Cl2(g) = PCl5(g) 
(3) 2S02(g) + 02(g) - 2S03(g) 
(4) 3 Fe(s ) + 4H20(g) - Fe304(s) + 4H2(g) 
(5) 2H2(g) + 02(g) ** 2H2° 
24. According to Dulong and Petit, for many 
metals a constant of about 6. 3 is obtained by 
( 1 ) multiplying atomic weight by 
specific heat. 
(2) dividing atomic weight by specific 
heat. 
(3) multiplying equivalent weight by 
specific heat. 
(4) dividing specific heat by atomic 
number. 
(5) dividing equivalent weight by specific 
heat. 
Go on to the next page. 
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25. The crystal lattice binding energy of sodium 
chloride is 180 kilocalories per mole, but 
only 1.28 kilocalories per mole are required 
for dissolution of the salt in water. An 
explanation could be that 
(1) the lattice energy is not involved in 
the dissolving process for solids. 
(2) water is a polar compound. 
(3) the process of hydration liberates 
178.72 kilocalories per mole. 
(4) the heat of solution is 178.72 
kilocalories per mole. 
(5) the solubility of sodium chloride 
increases only slightly with increase 
in temperature. 
26. The following table indicates the probable 
electron distribution in the outside two 
shells of certain elements. Which one 
29. A one liter vessel contains three moles of a 
gas at 273° Centigrade. The pressure in the 











30. A solid was sealed in a can of air at 100°C. 
After some time it was observed that the 
pressure in the can increased and the 
temperature decreased to 70°C. One could, 
therefore, conclude that 
(1) pressure and temperature are 
inversely proportional. 
(2) a reaction was taking place between 
the solid and the air. 
(3) some gas was being formed. 
should have the greatest tendency to exist (4) pressure and volume are inversely 
in different oxidatio n states in compounds? proportional. 
(1) 
2 6 . 2 (5) Charles' Law does not always work. 
s P , s 
31. If calcium hydroxide is completely ionized 
(2) 
2 . 2 6 in a dilute solution, which relationship is 
s ■ s p correct? [ J indicates molar concentration. 
(3) 
2 6 . 1 
(1) [Ca(OH)2] = [OH
-] 
s p . s 




6 6 , 
P d 
. 2 
. s (3) 2[Ca++] = [OH-] 
(5) 
2 6 10, , 2 
(4) [CaH] = 2 [OH-] 
s p d . . s 
(5) [ Ca++] = [OH"]2 
Bonds with highest degree of ionic character 32. In the endothermic dissolution of NH NO , 
are formed between two elements having 
respectively 
(1) high ionization potential and high 
electron affinity. 
(2) high ionization potential and low 
electron affinity. 
(3) low ionization potential and low 
electron affinity. 
(4) low ionization potential and high 
electron affinity. 
(5) intermediate ionization potential 
and electron affinity. 
28. A 0. 1 M aqueous solution of a pure compound 
has a pH of approximately 7. The solution 
could not contain 
(1) hydronium ions. 
(2) ammonium acetate. 
(3) sodium chloride. 
(4) nitrate ions. 
(5) copper (II) sulfate. 
the greatest energy change is associated 
with the 
(1) decomposition of the salt to NH 
and HNCy 
(2) separation of the ions from the 
c rystals. 
(3) hydration of the ions in solution. 
(4) hydrolysis of the salt to form 
ammonia water and HNO^. 
(5) protolysis of the ammonium ion to 
form NH^ and ion. 
Go on to next page. 
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33. Liquid compounds that do not conduct an 
electric current unless they are dissolved 
in water probably have molecules with 
(1) a high degree of ionic bonding. 
(2) symmetrical covalent bonding. 
(3) macromolecular bonding. 
(4) polar covalent bonding. 
(5) nonpolar bonding. 
34. If the use of an ammeter and a timing device 
indicated that three moles of electrons were 
transferred from anode to cathode in the 
electrolysis of water, the total volume of the 
two gases (dry at STP) produced would have 
been approximately 
( 1 ) 22.4 liters . 
(2 ) 67.2 liter s . 
(3) 33.6 liters. 
(4) 50. 4 liters . 
(5 ) 16.8 liters . 
35. Which one of the following solutions would 
have the lowest freezing point? 
(1) 1 molar HOAc 
(2) 1 molar BaCl^ 
(3) 1 molar sugar (C12
H22°11^ 
(4) 1 molar alcohol (C H OH) 
2 5 
(5) 1 molar NaCl 
36. Which chemical species could be classified 
as both a Bronsted acid and base? 
(1) HSO4“ 




(5) Such a species does not exist. 
37. Copper metal reacts with dilute nitric acid 
according to 
3 Cu + 8 H+ + 2 N03' = 3 Cu
H + 2 NOf + 4 H20 
How many moles of nitric acid would be 






38. As compared to a one molar aqueous 
solution of acetic acid, an equal volume 
of one molar hydrochloric acid 
(1) would have a higher pH value. 
(2) would require a larger volume of 
0. 1 M sodium hydroxide for 
neutralization. 
(3) would have a higher hydronium ion 
molar concentration. 
(4) would produce a solution with a 
higher pH value if just neutralized 
with sodium hydroxide. 
(5) would produce a larger volume of 
hydrogen (STP) if reacted with an 
active metal such as zinc. 
39. Two allotropie forms of carbon are diamond 
and graphite. Diamond is harder than 
graphite because in diamond 
(1) the van der Waal's forces between 
molecules are stronger. 
(2) the planar covalent bonding between 
atoms is greater. 
(3) some of the electrons are shared 
by several atoms. 
(4) there is tetrahedral covalent bonding. 
(5) its structure has double bonds which 
give great strength to the crystal. 
40. Ionization potential data for Group I (Alkali) 
metals indicate that Li holds its electron 
most tightly. Oxidation potential data 
indicate that Li gives off its electron most 
readily. Which of the following statements, 
all of which are true, would be a plausible 
explanation of this seeming discrepancy? 
(1) Less energy is needed for the 
separation of an electron in solution 
(oxidation potential) than for the 
removal of an electron from an 
isolated gaseous atom (ionization 
potential ). 
(2) Ionization potential is an endothermic 
measurement; oxidation potential 
is an exothermic measurement. 
(3) Lithium (solid) is in a polymerized 
structure, (Li) 
x 
(4) The very small lithium ion has a 
large heat of hydration to offset the 
higher energy required to pull off 
the electron. 
(5) Lithium is the best reducing agent 
of the group. 
End of Part I. 
CONTINUE TO PART II, UNLESS OTHERWISE INSTRUCTED. 
-6- 
ACS - N S T A 
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IN 
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FORM 1 9 6 3 A D V 
START IMMEDIATELY ON PART II UNLESS OTHERWISE INSTRUCTED 
DIRECTIONS: Each item consists of a stem to which one response is correct among the several numbered 
choices given. For each item, blacken the space on your answer sheet that has the same number as that of 
the response you have selected as the correct answer. 
Whenever possible, arrive at your own answer to a question before looking at the response. Otherwise you 
may be misled by plausible incorrect responses. 
Sample Question: Sample Answer Sheet: 
Of what is water composed? 
Hydrogen and nitrogen 
Carbon monoxide and hydrogen 
Hydrogen and oxygen 
Sulfur and phosphorus 
Nitrogen and oxygen 
1 2 3 4 5 
ioi ;; I 
(The correct answer is response (3), "Hydrogen and oxygen." Answer space 3, therefore, has been marked 
on the sample answer sheet. ) 
PART II 
(40 minutes ) 
A seel on of a common form of the Periodic Table is printed below with elements indicated by atomic 
numbe-s only. Use this table to aid you in answering question 41 through 47. 
IA HA IIIB IVB VB VIB VIIB VIHB IB IIB IIIA IVA VA VIA VILA VIIIA 
1 2 
2 3 4 5 6 7 8 9 10 
3 1 1 12 13 14 15 16 17 18 
4 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
5 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 
6 55 56 37-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 
7 87 88 39-103 
41. The electronic configuration for element 34 can be indicated by the following "spectroscopic shorthand": 
(Neon core) 3s , 3p , 3d , 4s , 4p . One could use this information and/or the Periodic Table to 
predict that 
(1) element 34 forms bonds with a high degree of ionic character with element 15. 
(2) element 34 would form ions in water solution with a charge of -4. 
(3) element 34 is less "metallic" than element 8. 
(4) one atom of element 34 would combine chemically with 3 atoms of element 12. 
(5) element 34 forms compounds in which its "oxidation number" varies from -2 to +6. 
Go on to the next page. 
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42. From periodic table positions alone, one 
would predict that 
(1) element 37 gains electrons more 
readily than element 3. 
(2) element 9 is a better reducing agent 
than element 35. 
(3) element 35 is a better oxidizing 
agent than element 9. 
(4) element 3 loses electrons less 
readily than element 37. 
(5) element 86 loses electrons most 
readily of all elements listed. 
43. From its position in the periodic table, 
which of the following statements about 
element 15 would one expect to be true? 
(1) Its oxide is a better base (proton 
acceptor) than the oxide of 
element 1 1 . 
(2) Its maximum positive oxidation 
number is less than that of 
element 11. 
(3) Its compounds have lower melting 
points than the compounds of 
element 11. 
(4) Its compounds have bonds with a 
high degree of ionic character. 
(5) It has a greater tendency to lose 
electrons than does element 11. 
Select an answer from the following five atomic 
number values for questions 44- 47. You may 






44. This element is naturally radioactive. 
45. This element has two "s" and four "p" 
electrons in its outermost energy level. 
46. This element has the smallest atomic radius 
of the five elements listed. 
47. The ion of this element is a better reducing 
agent than ions of the other four elements 
listed. 
48. Which sample of gas contains the same 
number of molecules as 44 grams of CO 
gas? (C = 12, O = 16, S = 32) 2 
( 1 ) 1 gram of hydrogen gas 
(2) 16 grams of oxygen gas 
(3) 34 grams of H^S gas 
(4) 44 grams of SO^ gas 
(5) 44 grams of SO^ gas 
49. How many milliliters of 6.0 M hydrochloric 
acid are needed to prepare 300 milliliters 






50. A sample of a pure compound was found to 
contain only 0.250 gram of hydrogen, 
1.500 grams of carbon, and 8.875 grams 
of chlorine. What is an empirical formula 
for this compound? 






51. Oxygen combined with 6.0 grams of 
element X to form 8.0 grams of oxide. 
The equivalent weight of element X is 
(1) 6.0 




A current of 0. 100 ampere was passed 
through a copper (II) sulfate solution for 
2 hours , 40 minutes, and 50 seconds. 
What is the maximum weight of copper that 
could have been deposited? (Cu =63.5) 
(1) 0. 032 gram 
(2) 0.318 gram 
(3) 0. 635 gram 
(4) 31.8 grams 
(5) 33.6 grams 
-9- 
Go on to the next page. 
Use the following reading passage to aid you in answering questions 53 - 62 if you think the discussion will 
be helpful. TO SAVE TIME, ANSWER THE QUESTIONS DIRECTLY IF YOU CAN. 
copper metal 
The above galvanic cell operates on the principle that two separated half-reactions can be made to take 
place simultaneously with electron transfer occurring through a wire. In the galvanic cell above the 
following reaction takes place: 
Zn (s) + Cu++ — Zn++ + Cu (s) 
A porous partition separates the container into two compartments but still permits diffusion of ions between 
them. A voltmeter connected between two dissimilar - elements in a galvanic cell shows a characteristic 
voltage which depends in magnitude upon the nature of the dissimilar elements and upon the concentration 
of the corresponding metallic ions in the solutions in which the metal is placed. This characteristic voltage 
is an indication of the relative tendencies of elements to ionize in solution. This voltage also measures the 
work required to move electrons around the circuit and is, therefore, an indication of the tendency for a 
chemical reaction to take place. 
The voltage observed in all galvanic cells arises from a voltage at the anode and from a voltage at the 
cathode. It is impossible to measure the voltage of a single electrode since any circuit must contain two 
electrodes. It is necessary, therefore, to assign an arbitrary value to one electrode and compare the 
voltage at the other electrode to this standard. The standard hydrogen electrode (H at 1 atmosphere 
pressure and 1 M H 0+ concentration) is arbitrarily chosen as a standard and its value fixed at zero. As 
a result, in any cell which contains the hydrogen electrode, the entire measured voltage is attributed to 
the half-reaction at the other electrode. Such assigned voltages for metals bathed in their respective 
solutions at 1 molar concentrations are called oxidation potentials. 
The abbreviated table shown below lists the voltages when the half-reaction proceeds from left to right and 




Li ( s ) = Li+ + e " + 3. 05 
Na (s ) = Na+ + e" +2.71 
Mg (s) = Mg++ + 2e" +2.37 
A1 (s) = Al+++ + 3e" + 1.66 
Zn (s) = Zn++ + 2e" +0.76 
Fe (s ) = Fe++ + 2e" +0. 44 
Pb (s) = Pb++ + 2e" +0.126 
H2 (g) = 2 H
+ + 2e‘ 0 
Potential 
Half Reaction Volts 
Cu (s ) = Cu++ + 2e" -0. , 34 
2 1" = !2 + 2e" -0. , 54 
Ag (s) = Ag+ + e“ -0. ,80 
Hg (1) = Hg++ + 2e~ -0. 85 
2 Br" = Br2 + 2e~ -1. 09 
2H2° = °2 
+ 4 H+ + 4e" -1. 23 
2 Cl" = 
= C12 
+ 2e " -1. 36 
4H2° + Mn
++ = MnO + 8 H+ + 5e’ 
4 
-1. 51 
2 F" = (g) + 2e“ -2. 87 
Go on to the next page. 
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Use the following key to answer questions 53 - 57 
concerning the galvanic cell indicated by the 
diagram on page 10. You may use an answer 
once, more than once, or not at all. 
(1) Copper (II) ions 
(2) Zinc ions 
(3) Zinc metal 
(4) Copper metal 
(5 ) Sulfate ions 
53. What is the best reducing agent of the 
chemical species listed? 
54. What is the chemical species that is reduced 
as the cell operates? 
55. What is the electrode of the cell at which 
reduction takes olace as the cell operates? 
56. What chemical species moves toward the 
zinc electrode as the cell operates? 
57. What is the source of electrons that flow 
through the connecting wire? 
Refer to the abbreviated Standard Electrode 
Potential Table to answer questions 58 - 62. 
58. Which is the strongest oxidizing agent in 
the series listed? 
(1) Li 
(2) Na + 
(3) H + 
(4) Cl" 
(5) F2 
Which element or ion will oxidize Zn to 
but will not oxidize Cu to Cu++ ion? 
(1) Fe 











61. Galvanic action is probably responsible for 
the corrosion of metals. In which of the 
following solutions would you expect the 
least amount of oxidation of iron to take 
place ? 
(1) Iron metal immersed in a slightly 
acid solution 
(2) Iron metal immersed in a bromide 
solution 
(3) Iron metal in contact with zinc 
metal and both immersed in water 
(4) Iron metal in contact with copper 
metal and both immersed in a 
slightly acid solution 
(5) Iron metal in a slightly acid 
solution of copper ions 
62. When all conditions are "standard", the 
voltage value for the zinc-copper galvanic 






63. A bell jar is placed over a beaker of water (A) 
and a beaker of one molal sugar solution (B). 
When equilibrium is reached, there will be 
(1) equal numbers of sugar and water 
molecules in each beaker. 
(2) a decrease in the number of molecules 
of sugar in B. 
(3) a decrease in the volume of liquid 
in beaker B. 
(4) no change in either A or B. 
(5) an increase in the number of 
molecules of water in B. 
64. What volume of HC1 aqueous solution having 
a specific gravity of 1.19 and containing 
37.2% HC1 by weight would be needed to 
2 
prepare 6.00 x 10 milliliters of 
6.00 x 10~2 M HCl ? (H = 1; Cl = 35.5) 
( 1 ) 2.97 liters 
(2) 2.97 milliliters 
(3) 29.7 milliliters 
(4) 0.297 milliliters 
(5) None of the above is correct. 
Go on to the next page. 
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65. Which one of the following statements 
explainr why hydrogen chloride remains a 
nonconductor when dissolved in a solvent 
such as toluene? 
(1) Toluene is nonpolar. 
(2) Hydrogen chloride is nonpolar. 
(3) Hydrogen chloride will not release 
protons in toluene. 
(4) Toluene is a molecular compound. 
(5) None of the above. 
66. At 26"C the solubility product constant for 
AgCl is approximately 1.0 x 10 The 
solubility of AgCl in water at 25°C in moles 
68. At any given temperature and pressure the 
relative diffusion rates of CH, and SO„ are 
4 2 
(H = 1, c 
(1) 1 to 2 
(2) 2 to 1 
(3) 2 to 3 
(4) 1 to 4 
(5) 4 to 1 
69. If a rigid container holds 6.0 grams of a 
dry gas at a pressure of 3. 0 atmospheres 
and a temperature of 400°K, how many 
grams of the gas would the container hold 
if the pressure were 2.0 atmospheres and 
200°K? 
per liter is approximately 
(1) 1.0 X IQ'
10 
(2) 1.0 X IQ'5 
(3) 1.4 X ID’3 







(5) 1. 1 X 10-
3 
67. To determine the extent of solubility of an 
unknown salt in water, 25 grams of a 
solution of the unknown salt was evaporated 
and gave 5. 0 grams of dry salt. From this 
information alone one would conclude that 
the solubility of the salt 
(1) is 5.0 grams per 100 grams of water. 
(2) is 20 grams per 100 grams of water. 
(3) is 25 grams per 100 grams of water. 
(4) is more than 25 grams per 100 
grams of water. 
( 1 ) 4.5 grams 
(2) 2.0 grams 
( 3 ) 6.0 grams 
(4) 8.0 grams 
(5) 18.0 grams 
7 . A water solution is 0. 50 molar with respect 
to sodium acetate and is 0. 20 molar with 
respect to acetic acid. What is the pH 
value for this solution? 
(Ionization constant for acetic acid, 
HAc, is 1.8 x 10 ^ 
Lj°® 1 0 
of 7 = approximately 0. 85 
Logio of 9 = approximately 0. 95 
Log10 
of 1.8 = approximately 0. 25) 
(1) 8. 8 
(2) 4. 2 
(3) 6. 1 
(4) 4. 7 
(5) 5. 1 
(5) could not be determined from the 
information given. 
End of Test. 
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